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FOREWORD 


During the second session of the Eighty-first Congress, a special 
subcommittee of the Committee on Agr iculture began a study and in- 
vestigation of the research and rel: ited activities and programs of the 
Department of Agriculture. Research with its related service and edu- 
cational activities is carried on in almost every agency, branch, and 
division of the Department. 

Early in its studies the committee felt the need of a more compre- 
hensive and complete listing and description of these activities than 
any it found available. Accordingly, the Department was requested 
to prepare a report covering all of its research and related prograins, 
and the report presented herewith is in response to that request. 

The report does not purport to be an analysis or evaluation of these 
programs. On the contrary, its purpose is to provide a factual state- 
ment and inventory of these activities which can be used by the com- 
mittee, the Congress, and the public generally in making their own 
study and analysis of this important work of the Department. The 
report does perpen to be a complete listing and description of all the 
research and related activities carried on within the Department of 
Agriculture and by the Department in cooperation with the State land- 
erant colleges and other State agencies. 

STEPHEN Pace, 
Chairman, Special Subcommittee. 
December 21, 1950. 
IIt 











This report covers research and related work in the United 
States Department of Agriculture. It is impossible to report 
on research activities of the Department without at the same 
time discussing work of the land-grant colleges and univer- 
sities, because such a large share of our research is carried on 
in cooperation with the agricultural experiment stations. 
Similarly, most of our educational work is in cooperation with 
the State extension services. This partnership goes back to 
1862. In that year the Federal Congress passed legislation 
that laid the ground work for the land-grant colleges and 
established what is now the Department of Agriculture. 

Service activities of the Department have likewise been 
conducted jointly with the States—in most cases with State 
departments of agriculture and bureaus of markets. 


IV 





LETTER OF TRANSMITTAL 





Unirep States DerarrMent oF AGRICULTURE, 
AGRICULTURAL Researcu ADMINISTRATION, 
Washington, D. C., December 8, 1950. 
Hon. STerHEeN Pace, 
Chairman, Special Subcommittee, Committee on Agriculture, 
House of Representatives. 

Dear Mr. Pace: The accompanying report on research and related 
work of the Department has been prepared in compliance with your 
request, growing out of the hearings on Federal agricultural research 
before the House Committee on Agriculture, in July 1950. 

Since part II of the report is so detailed and voluminous, we have 
prepared an introduction, designated as part I. The detailed descrip- 
tion of projects, amounting to about 3,100 typewritten pages, com- 
prises part II. In part I, I “have discussed a few high lights, for those 

readers who will not have the time to read the full report, that illustrate 
the broad and basic nature of our work and its effect on our agriculture. 

Part II is made up of 39 chapters, each covering major « -ommodities, 
functions, services, or fields of work such as economics, food and nutri- 
tion, marketing improvement, and education. This organization has 
been planned so as to make the information readily accessible to Mem- 
bers of Congress, members of RMA advisory committees, and others. 

For the most part these activities are reported on the basis of “work 
projects,” the level at which our agencies keep separate financial 
records and prepare separate annual progress reports. The state- 
ments for these work projects give pertinent information on the nature 
and purpose of the work being carried on, the currently active “line 
projects” (subdivisions of ac tivity under the work projects), the his- 
tory and ieee of the work, the Federal funds (and, in a few 
instances, State funds) expended, some of the acc jeiaiglimeanae, and 
some additional work needed in the areas covered by the work projects. 

Some of the project statements are rather technic al in spite of our 
efforts to simplify them. A number of these projects deal with funda- 
mental research, which gives us the foundation for applied or so-called 
practical research. Actually, of course, fundamental research is most 
practical, for it gives us principles for solving applied problems. 

The working out of these problems as shown in the project write- 
ups may appear in some instances to entail duplication of effort. Asan 
example, the Department cooperates with nearly every Southern State 
in studying the fertilizer requirements for cotton. You will realize, I 
am sure, that this is not duplication of effort but adaptation of broad 
principles to the needs of specific areas. 

Results are more striking on some projects than others. A develop- 
ment such as hybrid corn comes only once in a long while. Sometimes 
we have to work for years without apparent success. Sometimes we 
find ourselves in blind alleys. But most of our work, in one way or 
another, helps to clarify the problems before us. Once we have a clear 
understanding, our chances for success are greatly increased. 

Sincerely yours, 


P. V. Carvon, Administrator. 


Vv 
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PART I 


SCIENCE TRANSFORMS AMERICAN AGRICULTURE 


Modern science and technology have transformed American agricul- 
ture in the space of a lifetime. Agriculture has made more progress 
in the United States in the last 75 years than in the previous 75 cen- 
turies elsewhere in the world. This period of great advancement coin- 
cides with the history of research in the Unitec xd States De partment of 
Agriculture and the State agricultural experiment stations. 

Although research provided the original impetus for many of the 
changes in our agriculture, it was accompanied by growth and de- 
velopment of the country as a whole—expansion of agriculture, the 
upsurge of industry, transportation, and communication. The Ex- 
tension Service is taking research directly to the farm. Agricultural 
outlook work and marketing services such as crop reports, official 
grades and standards, and the market news service, developed jointly 
with State departments of Agriculture, have played vital roles. Re- 
search and development work] by industry has been indispensable. In 
fact. all additions to man’s knowledge everywhere have contributed 
directly or indirectly to the transformation of our agriculture. 

What has agricultural research meant to an individual farmer, to 
agriculture as a whole, and to the Nation? These questions lead to 
fascinating stories of adventure in distant lands and stories of great 
ideas coming to life in the minds of scientists working in dingy labora- 
tories. In more recent times, the stories concern groups of scientists 
working as teams on common problems. 

Toa “farmer, research means hybrid corn, disease-resistant crops, 
better control of insects and weeds. It means chicks and pigs that 
grow faster with greater efficiency and dairy cows that give more milk 
and butterfat. It means more intelligent use of his soils and forests 
and better methods of marketing what he has to sell. In short, it 
means a better living and a better way of life. 

To agriculture as a whole, research means an increase of 45 percent 
in crop yields in the last 25 years, 20 percent more milk per cow, and 
an even greater increase in eggs per hen. It means a doubling of over- 
all efficiency in the last 50 years. In 1900 one farm worker produced 
enough for himself and 7 others; now he produces enough for him- 
self and 14 others. 

To the Nation, agricultural research has meant the saving of lives, 
assurance of ample food supplies, and better nutrition for everyone. 

While studying the cause and control of a cattle fever at the turn 
of the century, Department scientists discovered that ticks were car- 
riers of the disease. To the average citizen this might seem to be a bit 
of routine information, but it was much more than that. It was the 
first positive proof that insects could carry a disease from one animal 
to another. 
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This discovery paved the way for later demonstration by medical 
research that mosquitoes were carriers of yellow fever and m: alaria, A 
Department scientist had already learned how to control mosquitoes 
by spraying kerosene on ponds and other small bodies of still water. 
‘These discoveries made possible the development of agriculture in vast 
areas throughout the world and saved countless thousands of lives. 

Better understanding of food value and modern methods of re- 
frigeration and distribution have greatly improved diets in the United 
States. Knowledge of the importance of vitamins, proteins, iron, and 
calcium in the diet has resulted in a shift from high caloric foods to 
the protective foods such as meat, fruit, vegetables, eggs, and milk. 
In 1950 we ate 22 percent more dairy products other than butter; 29 
percent more eggs; 19 percent more meat, poultry, and fish; and 10 
percent more fruit and vegetables than we ate just prior to World 
War IT. 

And now let’s take a closer look at some of the research that has 
revolutionized our agriculture. We will select just a few examples 
from the many stories that are told in detail in part IT of this report. 


CROP PRODUCTION RESEARCH 


Hybrid corn is undoubtedly the food-production story of the cen- 
tury. Increased yields from hybrids are enough to provide an extra 
3D pounds of pork for every man, woman, and child in the United 
States. Translated into dollars, this extra corn is worth enough 
every year to pay for all the research ever done by the Department 
of Agriculture. 

The story of hybrid corn begins about 100 years ago with Gregor 
Mendel, an Austrian monk, who cross-pollinated earden peas and ‘ob- 
served the result (1866). Although his published work gathered dust 
for a third of a century, it was rediscovered and became the basis of our 
science of genetics, which dates from about 1900. 

Within a few years two plant breeders in widely separated locations 
in the United States were crossing inbred lines of corn. One was 
working at the Illinois Experiment Station, the other for a private 
foundation. Both observed hybrid vigor and saw its implications 
in increasing yields of corn, although neither was looking for practical 
results. They were pure scientists, looking for principles rather than 
practical applications. 

For the next few years much time and talent went into research on 
hybrid corn. It was 1917, however, before its real potentialities were 
opened up by work at the Connecticut station that resulted in double 
Soe the basis of all our present hybrids. Another decade passed 
before the public heard much about hybrid corn, but plant breeders 
were busily building inbred lines that would combine well to create 
hybrids adapted to specific areas. In an effort to speed up progress 
through exchange of breeding material, 12 States joined with the 
Department in a cooperative hybrid-corn-breeding program in 1925. 
This joint effort did much to bring about the phenomenal spread of 
hybrid corn across the Corn Belt. 

Like a prairie fire this new kind of corn swept across the central 
part of the country. In 1923 only 1 acre of corn out of each 1,000 in 
the United States was planted to hybrids. Ten years later, 51 per- 
cent of the corn land was planted to hybrids. Since then it has 
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jumped to 77 percent and continues to grow larger, as hybrids are 
developed for new areas in the South. 

Hybrids boost yields by an average of about 30 percent. For the 
whole country this means three-quarters of a billion extra bushels 
of corn every year, worth approximately three-quarters of a billion 
dollars at farm prices. 

I cannot move on to the next story without calling attention to two 
extremely important points.about hybrid corn. First, it began with 
research that was purely theoretical, with no thought of practical ap- 
plication. The other point is that it took many years. We must not 
assume from this that every basic research problem is going to end up 
like hybrid corn, but most of our really big developments come from 
basic research. We must not become so eager for quick results that 
we are willing to write off a project that does not show definite gains 
every 12 months. If this had been done 30 years ago, we would not 
have hybrid corn today. 

The magic wand of science has touched many other crops in addition 
to corn. Breeding of disease-resistant cereal crops over the last 50 
years has saved many farms from ete y, assured adequate sup- 
plies of a primary food crop to the whole Nation, and enabled us to 
alleviate hunger in many parts of the world. 


Neience saves our cere als 


Stem rust and other diseases took an enormous toll until varieties 
developed through cooperative research with State agricultural experi- 
ment stations came into general use. When scie era: learned that the 
rust organism spent part of its life on certain varieties of barberries 
a large-scale campaign was organized to get rid of these plants. This 
proved to be a hercuiean task and is still going on. 

Our temporary conquest of stem rust has not come easily. It was 
one of the earliest diseases to demand attention of cereal breeders. 
Scientists were puzzled to see a variety that had stood up for several] 
years suddenly succumb. New varieties often met the same fate 
after a few years of successful resistance. For a while it looked as 
though we were losing ground as fast as we gained it. 

One of the essential ingredients of science is ingenuity. It expressed 
itself in the mind and hands of a young scientist at Minnesota. He 
demonstrated that there were many races or forms of stem rust and 
that varieties of wheat or other cereals might be resistant to one race 
but not to another. This basic discovery explained many failures of 
the past and set up new guideposts for the future. It complicated the 
task of wheat breeders immeasurably, because they were fighting not 
one organism but a host of organisms, all capable of causing stem rust. 

Later on it was learned that the rust spores were hybridizing in 
nature (during the period spent on barberries) at a faster rate than 
we were able to hybridize wheat and other cereals. This race between 
man and nature is still going on. Weare only a few steps ahead. If 
we slacken our pace the ; gains of a lifetime will quickly disappear and 
the rusts will t: ake over. 

The recurring problem of plant diseases is well illustrated with 
oats. In Iowa, farmers have had to shift varieties of this crop twice 
in the last 10 years because of diseases. Fortunately, new varieties 
were available because of research. Through increased use of these 
new varieties, Iowa farmers alone have harvested what has amounted 
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to one extra crop of oats since 1940, and the total of this new wealth 
has added up to more than $100,000,000. And the benefits have ex- 
tended over into other oat-growing States. , 

New races of oat-stem rust—2, 7, and 8—were found over a wide- 
spread area this summer (1950) with much damage in many States. 
These new races were found in the Dakotas, Iowa, Illinois, Missouri, 
Oklahoma, Texas, Mississippi, and Florida. Present commercial 
varieties are susceptible to these new races.. We have a resistant source 
of parent material in our breeding nurseries, but it will take time to 
breed this resistance into commercial varieties. 

Help for King Cotton 

One of the measures of our progress in research is the casual way 
in which we speak of juggling chromosomes. We can breed almost 
any character we want in a plant if we work at it long enough and 
hard enough. But it was not alwaysso. The idea of breeding plants 
to resist diseases is only about 50 years old. Selection of seed from 
superior plants has been practiced for centuries, but the earliest record 
of systematic selection for resistance to disease began in 1895 on James 
Island, near Charleston, S. C. The work was done by E. L. Rivers, 
plantation owner, in an effort to develop a strain of cotton resistant 
to wilt, a soil-borne disease. 

Rivers was unable to combine disease resistance with yield and 
quality; so in 1899 he called on the Department for help. A young 
Department scientist from Vermont who had never seen a field of 
cotton was sent. Together these men made history by deliberately 
planting selected seed on wilt-infested soil and saving plants that 
survived. From this work several new varieties were eventually 
developed. 

While this work was going on in South Carolina, the same story 
was unfolding in far-away North Dakota with flax, also beset by wilt 
disease. In both cases the principle of survival of the fittest was 
applied by science. This principle is now widely used in all crop- 
improvement work. 

In the intervening years the cotton plant has been the beneficiary of 
much research. It was redesigned to meet the threat of boll weevils 
and the requirements of mechanical production, and now a rather 
major overhauling appears imminent. 

Breeders are developing new and vastly different varieties that offer 
enormous potentialities for cotton to compete with synthetic fibers. 
They are developing triple hybrids with fiber strength almost double 
that of present commercial varieties. These triple hybrids aren’t 
ready for release yet, but they are far enough along that several strains 
are now included in spinning tests. The germ plasm for these promis- 
ing new cottons was obtained from three sources: an Asiatic variety, 
American upland cotton, and a wild species that grows in the moun- 
tains of Arizona. 

What has been done for wheat and cotton has been duplicated with 
most of our major crop plants. Thousands of improved varieties have 
been developed that thrive better under specific conditions. Some 
are resistant to insects as well as diseases, while others are more tolerant 
to drought, heat; or cold; some combine many of these qualities. Still 
other varieties yield better quality food or industrial products. 
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Plant hunters bring ’em back alive 


Much of our success in crop improvement can be credited to foreign 
germ plasm brought back by plant explorers who have combed desert 
valleys and wind-swept mountain peaks for wild relatives of our 
principal crops. Almost 20,000 separate lots of plant material have 
been brought or sent to this country through the plant-introduction 
work begun by Benjamin Franklin long before the Department existed 
and later made famous by David Fairchild. 

In its early stages the principal objective of plant exploration was 
to find new crops for our expanding agriculture. Emigrants brought 
the grains, fruits, and vegetables they had known in Europe, and 
these were supplemented by private and public means. One of the 
most notable of Department introductions was the soybean. As orig- 
inally introduced, the soybean would never have made a big hit in the 
United States, but plant breeders worked it over and made it a Cinder- 
ella crop. Just in the last few years breeding has increased yields 20 
percent and oil content 10 percent. It now ranks fifth among all our 
crops in acreage. 

Many crops threatened with extinction have been saved through 
plant breeding. New varieties of sugar beets restored that industry 
in the West when curly top disease seemed a sure winner. Sugarcane 
brought from the wilds of New Guinea by a Department scientist who 
braved head-hunters and other dangers of the tropics gave new life 
to our sugarcane industry, then on its last legs. Bright-leaf tobacco 
in North Carolina and lettuce and cantaloupes in California are ad- 
ditional crops dramatically saved from threats of extinction by ravish- 
ing diseases. 

Breeding vim into vegetables 

A few years ago it was not at all unusual to hear farmers complain- 
ing that their seed stock of potatoes had “run out.” They meant 
that yields were getting smaller every year. Tomato growers over 
large areas lost entire crops from wilt, and cabbage growers were in 
trouble with a disease known as yellows. Nation-wide breeding pro- 
grams were organized, with State and Federal agencies cooperating, 
and most of the commercial varieties of these and other vegetable 
crops now in use are an outgrowth of this teamwork. 

The lady with the shopping bag who buys America’s groceries has 
influenced our improvement of fruits, vegetables, and other crops. 
If she likes potatoes with shallow eyes, we develop them for her. If 
she wants strawberries with a tart flavor, she may have them. Lined 
up behind the plant breeders are other scientists whose job it is to 
see that these and other fresh food products are delivered to the retail 
markets in prime condition. To round out the job, we are now teach- 
ing retailers how to care for these foods so that the consumer may get 
them in their most attractive, nutritious, and appetizing condition. 

Science remembers, however, that beauty is only skin deep. Today’s 
foods are bred for the highest possible vitamin and mineral content, 
consistent with other market qualities. Tests for vitamin C are now 
routine in many plant-breeding laboratories. 

Improving farm products and producing them more efficiently have 
gone hand in hand. Efficient production is a combination of many 
things, one of which is usually mechanization. 
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Mechanized farming 


While corn pickers and grain combines as well as many other ma- 
chines have been perfected by the farm-equipment industry, much 
work has been and is being done by agricultural engineers in public 
service research in devising requirements and operating principles for 
mechanizing such crops as cotton, peanuts, tung nuts, sugarcane, sugar 
beets, tobacco, sw eetpotatoes, and many truck crops. ‘Similar work 
also is being done in such fields as haying, weed-control methods, 
sprayers and dusters, fertilizer placement, and tillage equipment and 
methods. 

Intensive work in cotton mechanization has resulted in such develop- 
ments as a new spiral-brush cotton stripper, practical methods for 
better use of flame in weeding and thinning cotton, and special equip- 
ment for applying anhydrous ammonia. Of special note also are 
equipment combinations for multiple duties in speeding field opera- 
tions in this crop, such as a planter-cultivator combination that permits 
replanting of “skips” in the stand without changing the tractor equip- 
ment even up to the final cultivation. 

Cotton-ginning investigations carried on by the Department have 
resulted in many improvements in this process. More than 20 public 
patents have been issued on devices developed by engineers on this 
work. Some of these are widely used. One of the latest developments 
is a line-flow lint cleaner that improves the quality of machine-picked 
cottons from one-third to one-half a grade. Already from 1,200 to 
1.500 of these are in use. A green-boll separator now in experimental 
development removes 90 to 95 percent of the immature bolls from cot- 
ton as it is being ginned. Similar studies have speeded machine pro- 
duction and processing of such fibers as flax, sansevieria, and ramie. 

Sometimes it is simpler to fit a crop to an existing machine rather 
than build a new one. Sorghum was made into a dwarf so that it could 
be harvested with a combine. Soybeans were made to bear their seed 
pods higher on the stalk for the convenience of the harvester, and sugar 
beets are being made over into the shape of garden beets so that they 
will be easier to harvest mechanically. Hundreds of ex: umples could 
be cited. 


Noil and water conservation 


In spite of the many improvements in methods of crop production, 
our average yields per acre did not increase very much until about 
1935. Since then we have had large increases. I am inclined to believe 
that the major cause for this was that until 1935 soil deterioration was 
progressing at a rate sufficient to offset. all other improvements. Many 
of the gains since 1935 are due to better varieties and such things as 
nore effective insecticides. However, we are beginning to slow down 
soil deterioration and in many cases stop it and start on the upgrade. 

We have learned to classify farm land for its most productive use 
and to adapt these plans to individual farms. Research has made pos- 
sible the use of all classes of land in the most effective way. We are 
recognizing the factors that make cultivation of land hazardous and 
working out patterns of safe land use. When erosion and other soil 
deterioration are controlled. our advances in other lines will appear 
even more striking. 

Closely associated with conservation of the soil is the effect of numer- 
ous improved tillage and terracing practices that conserve soil 








AGRICULTURAL RESEARCH AND RELATED SERVICES 7 


moisture. Somewhere along the line our ceiling on crop production 
is probably going to be set by the amount of water available for crop 
growth. As we get better varieties of crops and apply other results 
of research, water will become even more important. 

We have lots of room for improvement in the conservation of water. 
We are now losing about one-third of the rain that falls in the humid 
region through runoff. Efficiency of irrigation in the West is only 
about 25 percent. But we are making some progress. Stubble mulch 
culture traps snow for use of crops in the Plains. In some areas of the 
higher Plains we can save an extra inch of snow moisture by planting 
shelter belts. Land-use practices for many land conditions have been 
developed that increase infiltration rates and thereby reduce losses of 
water. 

Soil management 


Research on the use of fertilizers and methods of soil management 
has revealed many facts useful to farmers in aiding nature to make 
specific soils more productive. Much has been learned about the use 
of crop rotations, legumes, and green manures for replenishing soil 
humus and nitrogen; about procedures for determining the nutrient 
needs of crops; about materials, methods, and machines for meeting 
these needs efficiently ; and about soil management under irrigation 
and salinity control. 

Because techniques based on these findings have been put to use on 
many farms throughout the country, productivity is on the come-back 
in many areas where yields were falling off because of declining soil 
fertility. On hundreds of thousands of farms in the eastern part of 
the United States the soil is much better today, as a result of good 
management, than it ever was under natural conditions. 

On the other hand, there are still many farms on which soil pro- 
ductivity is on the down grade. For some, improved methods of soil 
management are available, but not in use. For others, new techniques 
are still being worked out. For the Nation generally, we have not 
yet fully reversed the downward trend in soil productivity. 

More extensive use is being made of fertilizers and manures in 
agriculture, and more efficient fertilizers are being developed through 
public and private research. During the past 10 years, farmers in 
the United States have doubled their use of chemical fertilizers, and 
they are now applying them in granular, liquid, and gaseous forms. 
‘The importance of the minor plant nutrients such as zine, iron, cobalt, 
molybdenum, and manganese is becoming more generally understood. 
When minor element deficiencies show up in various agricultural areas, 
ways are being devised for correcting them. 

Soil-management investigations, combined with recommended prac- 
tices developed from related research, have produced phenomenal in- 
creases in corn yields in North Carolina and other Southeastern States. 

Use of adapted hybrids, thick spacing, and shallow cultivation, 
coupled with cover crops and heavy applications of nitrogen fertilizer, 
more than tripled corn yields in experiments in North Carolina. In 
4) experiments over a 5-year period, average vields were boosted from 
28 to 81 bushels an acre. 

Since 1944, when this study was begun, similar experiments have 
been conducted in all Southern States... More than 55,000 farmers have 
tried the new method and produced yields that average 70 bushels per 
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acre. Average corn yields for all farmers in seven Southeastern States 
increased 50 percent in 5 years as a result of this research. 


Radioactive tracers 


A significant recent development in soils research is the use of radio- 
active isotopes. Scientists have unlocked a vast storehouse of know]- 
edge about plants by using radioactive isotope tracers to follow the 
processes by which plants take up the materials of the earth to yield 
fruits, grains, and fibers. ms ds 

Radioactive elements give off a radiation as they disintegrate. This 
radioactivity makes it possible to detect or trace the radio-element 
wherever it may go in the soil, through the plant, and in an animal. 

For example, scientists can fertilize a soil with radio-superphos- 
phate, grow clover, feed the clover to a cow, and feed a calf on the cow’s 
milk. After being on such a diet for a month, the calf’s bones can be 
analyzed for total radio-phosphorus. From the data scientists can 
calculate the amount of phosphorus in the calf’s bones that came from 
the superphosphate put into the soil. 

Significant advances in fertilizer technology have been made since 
the end of World War II by using the radioactive tracer technique. 
Scientists have learned the phosphorus needs of various plants at dif- 
ferent stages of growth and the efficiency of different phosphates. 
Radioactive isotopes are being used to study other phases of plant 
physiology such as learning how plant-growth riguiaders change a 
plant’s growth and why they affect some plants but not others. 

We are just beginning to learn how to use these new tools in our 
study of plants and soils. Every new discovery moves us one step 
nearer to our goal of learning how to make the wisest use of the 
greatest of all natural resources—the soil. 

Research aids our shrinking forests 

Next to the soil itself, our greatest natural resource is our forests. 
We waited a long time to become concerned over the exploitation of 
this source of fabulous wealth. Our grandfathers were busy conquer- 
ing acontinent. Our fathers finally began to take stock of the situation 
about 50 years ago, and it is only within comparatively recent times 
that we have put science to work to help us use our forests intelligently. 

Early research in forestry reflected the temper of the times. It 
was concerned chiefly with measuring forest products and estimating 
volumes of standing timber on a given tract of land. It was used 
mainly as a tool in the exploitation of our timber, region by region. 

The next era was one of awakening, and forest research turned to 
finding the minimum requirements for keeping our forest lands pro- 
ductive. Experiments in many parts of the country proved that for- 
ests can be managed so as to produce annual crops through selective 
cutting. Small holdings now provide a worth-while supplemental 
income every year to many farmers. 

In some areas, however, millions of acres of forest land have become 
barren without any hope of natural reproduction, because all seed 
trees have been destroyed. For these lands, research has found ways 
to grow young trees in nurseries, transplant them, and make them 
live. Planting machines have been developed that save up to 50 per- 
cent of the usual planting costs. 
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Besides getting trees to grow on denuded areas, we are also learning 
how to make them grow faster. Hybrid poplars in Maine are habe 
ing four times as much wood per acre as native poplars. A cross be- 
tween eastern and western white pines is twice as tall as either parent 
at 7 years of age. Crosses between several species of southern pines 
are giving hybri ids more useful and, in some cases, more vigorous. 


Forest range management 


Much of our forest land is also range land. Almost half the entire 
continental area of the United States is range land, and this vast 
empire has suffered from overuse. Research has shown definitely that 
the ranges respond to good management. 

A grazing experiment in Colorado with beef cattle gave annual 
returns per section of land of $735 for moderate grazing, compared 
with returns of $484 under heavy grazing. Desert ranges in New 
Mexico are now producing almost twice as much beef per acre under 
good management as they did 30 years ago under poor management. 

In some areas good management must be supplemented by reseeding, 
and our experience has been very encouraging. Reseeding on many 
western ranges has inc reased the supply of for: age from 5 to as much 
as 20 times. So far, about 8,000,000 acres of private and public range 
have been reseeded. 

Closely related to research on forests and ranges is that on water- 
shed management. This research has contr ibuted to the de velopment 
of a national policy of soil and water conservation. This policy has 

already been reflected in legislative recognition of the role of upstream 
lands and conditions in downstream water and silt troubles and the 
adoption of Nation-wide programs to remedy these troubles on a 
watershed basis. 

LIVESTOCK RESEARCH 


Every man, woman, and child in the United States and countless 
millions in other parts of the world are the beneficiaries of livestock 
research. These dividends in human welfare have come about as a 
byproduct of efforts of the Department to safeguard and improve our 
domestic livestock. 

I have already mentioned the epochal discovery that pointed the 
way for control of malaria and other diseases carried by mosquitoes. 
Another scourge of the human race was conquered when Department 
scientists discovered the New World hookworm and identified it as the 
cause of much of the apparent laziness of many people in tropical 
and subtropical climates. Control of this parasite in humans as well 
as in livestock for the last 25 years has been based directly upon the 
work of agricultural scientists. 

Research has also protected the American people from trichinosis— 
a painful and sometimes fatal disease caused by eating raw or in- 
sufficiently cooked or cured pork products. Trichinae, minute para- 
sites that occur in the flesh of hogs, are transmissible to human beings, 

causing trichinosis. The parasites in pork can be destroyed by heat 
Wy spec cial kinds of freezing, and by certain concentrations of common 
salt. 

These discoveries were important in meat-inspection work, because 
trichinae cannot be detected by any known practical method. Under 
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packing-house conditions the discoveries have been applied to proc- 
essed pork products such as frankfurters, sausages, and hams that 
may be eaten without further cooking. Meat-inspection regulations 
now provide for special processing, under vigilant supervision, of these 
pork-containing products. 

The meat-inspection service of the Department operates entirely 
for the benefit of consumers. Because of this service we in this 
country can eat meat and meat products with every assurance that 
they are wholesome. Those who have not traveled abroad do not 
always appreciate this fact. 

As recently as 1910 many people, including doctors and public 
health officials, regarded pasteurized milk as unsafe for babies. It 
was believed by many that pasteurizing milk killed all of the lactic 
acid bacteria in it and allowed the growth of undesirable organisms 
that produced toxins. In other words, they felt that ae 
did more harm than good. It took years of painstaking work for 
Department bacteriologist to prove that pasteurized milk was vale 
even for babies and invalids to drink. 

When Department veterinarians developed the now famous strain 
i9 vaccine that protects calves from brucellosis they were working 
to safeguard our livestock primarily, but indirectly they were working 
for the alleviation of human suffering. A related form of this dis- 
ease—undulant fever—attacks man, and may be transmitted by drink- 
ing raw milk from a cow that has brucellosis. Through cooperative 
effort of State and Federal Governments this disease is gradually 
being eliminated from our herds of dairy cattle. 

DDT was discovered in Europe almost 75 years ago, but its useful- 
ness as our most versatile insecticide was discovered by entomologists 
of the Department. It has been used in more ways to protect more 
crops and livestock from insects than any insecticide ever discovered. 
But far beyond these values, its use in protecting troops in World 
War IT from flies, mosquitoes, and lice—and the diseases they trans- 
mit—made it a boon to mankind. Its role as a lifesaver tends to 
dwarf its use in protecting crops and livestock. 

These examples illustrate the kinship of all branches of science. 
When we push back the curtain of darkness in any spot, the light of 
truth illuminates much more than just that spot. It may, and often 
does, penetrate other dark areas. It may skip across a continent in 
the process or it may come into sharp focus in an Iowa pigpen. 
Conquest of hoq cholera 

Hogs were dying by the thousands in Iowa in 1897, when a young 
Department scientist spent the summer vainly trying to stem the tide 
with a serum made from the bacterium thought to be the cause of hog 
cholera. This epidemic, as others had done, finally spent itself and 
farmers were able to grow hogs once more. 

It was 6 years before there was another disastrous outbreak of hog 
cholera in the Middle West. Inthe meantime, the young scientist had 
gone to school and earned an M. D. degree by night while ¢ arrying on 
his search for the true cause of hog cholera by day. His industr Vy was 
rewarded with the discovery that hog cholera was caused by a filterable 
virus, rather than bacteria. He also discovered that hogs surviving 
the disease were immune for life. 
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When he went back to Iowa in 1903, he was armed with more potent 
weapons. First he found that blood from immune hogs would give 
temporary immunity to others. But this was too cumbersome; he 
was looking for a permanent treatment. Then as he watched farmers 
burying their dead hogs, an idea was born. Why not combine the 
protective serum with live virus from the blood of a sick hog? It 
worked, and losses that often mounted as high as $65,000,000.in a 
single year were reduced to a small fraction of that amount. Use of 
the serum-virus treatment for immunizing pigs is now standard prac- 
tice wherever hogs are grown. 

Not all of the conquests of science are so dramatic as the saving of 
millions of hogs from cholera. Others are a result of cool calculation 
in an effort to satisfy, or even anticipate, demands of consumers. One 
of these demands has been for less fat and more lean cuts of pork. 
Export and domestic demand for lard began dropping soon after the 
First World War, and the depression m: ade matters worse. 

This situation presented a challenge to scientists—a challenge to 
redesign the American hog, to stretch him out and take olf those excess 
pounds of fat. The first step was to import several animals of the 
Danish Landrace breed, developed for export to England, where de- 
mand calls for lean pork. This breed was crossed with several domes- 
tic breeds, both at Beltsville and at several State experiment stations 
The objective has been a streamlined hog with less fat and more of 
his total weight in the choice cuts. In addition, the new hogs must 
meet all the requirements for efficient production—large litters of pigs 
that grow fast. After 16 years three strains developed by the States 
are now in commercial production, and seven more lines developed 
at Beltsville are now getting their final tests on farms in Pennsylvania. 

Farmers like these new hogs and will grow them if they are prop- 
erly valued in the market. When meat-type hogs first appeared on 
our markets, buyers discounted their prices because they thoucht the 
hogs were not well finished. This called for an educational campaign 
among buyers and packers and a revision of official grades for live 
hogs. ‘There is more to be done along this line, but some buyers are 
finding that they can recognize the new-type hogs readily and are now 
paying premiums for them. 

Some of the most significant research on breeding of livestock has 
been done with dairy cattle. This work has covered about 30 years 
and has established the proved sire system of breeding. This system 
discards much of the show-ring emphasis on type and conformation of 
animals and stresses the point that determines the size of the milk 
check—production. 

Much of the success of the artificial-breeding movement in the last 
10 years is due to the availability of proved sires and the opportunities 
for farmers to breed their cows to these superior bulls. Artificial 
breeding associations now prov ide service for more than 10 percent of 
the Nation’s dairy cows. Proved sires plus artificial Selina give 
every dairyman in the United States opportunities to improve hie 
herd undreamed of only a generation ago. 


Tailor-made livestock 
Earlier in this report I mentioned that science can breed almost 


any desired character into a plant if given enough time. It is usually 
more difficult to do this with livestock because of the longer time be- 
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tween generations, lack of sufficient numbers, and other complications. 
In spite of these limiting factors, however, we have made quite a 
start in breeding farm animals that are tailor-made for certain con- 
ditions and special needs. 

A good example is the Columbia sheep, a breed made to order for the 
intermountain area. It combines the best features of the Lincoln and 
the Rambouillet in a breed that economically produces more good wool 
and more meat than any breed available in that area. 

I have already told how the meat-type hogs were bred to meet con- 
sumer demand. The same is true of the Beltsville small white turkey. 
It was developed several years ago to meet requirements of modern 
housewives, who want smaller turkeys to fit smaller refrigerators, 
smaller ovens, and smaller families. It is now in heavy commercial 
production and commands a sizable premium over large sizes. 

A more recent request was for good dairy cows that could take the 
long hot summers of the Gulf coast region. We went to India for 
breeding material this time. The Red Sindhi breed was developed 
there for heat resistance, so we imported several young animals of a 
strain developed by American missionaries. These have been crossed 
with Jerseys, and several of the first-generation heifers are now on test 
at Beltsville. It is yet too early for final evaluation, but it has def- 
initely been established that tolerance to heat can be bred into dairy 
cattle. 

Interesting results have been obtained by crossbreeding chickens for 
special purposes. In recent years sexing young chicks has become 
standard practice on many poultry farms. For example, when New 
Hampshire males are crossed with Barred Rock females, all female 
chicks will be black and males will be black with a white spot on 
the head. 


Reading the future of animals 

Science is concerned with many aspects of farm animals. One of 
the most practical is predicting at an early age if the young animal will 
grow into an efficient milk or meat producer. 

We have had remarkable success in predicting the future of dairy 
heifer calves at Beltsville when they are 4 months old. The degree of 
mammary gland development at that age is a good index of future 
production. The method is now being tested on dairy farms, and if 
it proves to be practical under farm conditions we will be able to weed 
out poor producers at 4 months of age instead of much later. 

Another instance of foretelling the future occurs in beef-cattle 
breeding, in which we are cooperating with 37 States. The idea of 
proved sires has been borrowed from the dairy cattle breeders, but the 
conventional way to prove a sire was to kill off his calves when they 
were about 18 months old and evaluate their carcasses. We now have 
a better way. Careful records have shown that it is possible to predict 
the performance of a bull’s offspring by using his own vital statistics, 
and those of his brothers and sisters. Figures used are birth weight, 
weaning weight, and rate of gain. 

Incidentally, the cooperative beef-cattle breeding program, which 
is based upon closed-line breeding within the principal beef breeds, 
is already paying off. Steers from experimental herds reach a market 
weight of 900 pounds in 15 months—3 months sooner than average 
range cattle. Also it is not uncommon now for bull calves to weigh 
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100 pounds at birth. Ten years ago 80 pounds would have been con- 
sidered good. 

Studies of young chicks show that they too give indications of future 
development at an early age. Early development of wing feathers 
is a good indication of rapid g growth, especially important for broilers. 

Careful examination of day- ‘old chicks reveals whether they will de- 
aa feathers quickly or slowly. Weight at 1 month is also a good 
index of future gains. 

The darkest place in the world 

A famous editor and educator once said the darkest place in the 
world was the inside of a dairy cow. What he meant, of course, was 
that we knew far too little about the life processes that take place 
inside our farm animals. Although we still have a long way to go, 
we have made some headway in studying farm animals, particularly 
from the standpoint of nutrition. 

Because of the immediate returns in the milk pail, the feeding of 
dairy cattle has received a great deal of emphasis in research. A seem- 
ingly simple discovery many years ago has saved a lot of grief for 
milk drinkers, most of whom doubtless never heard of it. The dis- 
covery was that feed flavors and odors are transmitted to the milk 
directly through the body of the cow. As a result of this work, it is 
an unwritten law on dair y farms to feed directly after milking rather 
than before or during the milking period. 

Grass silage owes its popularity to research. Several years ago 
a survey showed that summer butter contains 60 percent more vita- 
min A per pound than butter made in winter, when green feed is less 
abundant. This stimulated more research on grass ‘silage. Tests at 
Beltsville have shown that as much as 50 percent of the protein and 
90 percent of the carotene in standing green forage may be lost between 
cutting and feeding. Preservation of forage crops as grass silage or 
by barn curing saves more of these nutrients. 

Feed is a subject near the heart of all poultrymen, for half their 
expenses go for feed. One of the most important items of the feed 
bill is protein. Research prior to the last war gave rather exact 
requirements for protein, minerals, and vitamins, ‘both for growing 
birds and for layers. 

During the war, animal byproducts became scarcer and scarcer. 
More and more soybean meal was substituted in poultry feeds as a 
source of protein. This change in poultry rations brought on new 
troubles. We found that, without animal protein, the hatchability 
and livability of chicks went down as the level of soybean meal in 
the hen’s diet went up. With animal protein the troubles disappeared. 

In the midst of the dilemma, one of our scientists found that these 
troubles could be overcome by feeding small quantities of dried cow 
manure to hens whose eggs were to be used for hatching. He con- 
cluded that the manure contained a growth substance or unknown 
vitamin also present in animal byproducts. 

Research men at a commercial laboratory who were also working 
on the problem isolated a new vitamin, B,., which proved to be the 
elusive unknown. It is now produced commercially in quantities suffi- 
cient to supplement soybean meal in poultry feeds. With the new 
economical feeds supplemented with B.. it is possible to produce 
3-pound broilers on about 2 pounds less feed and in 2 weeks less time 
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than is usually required with a more expensive diet in which all the 
protein comes from animal sources. 

This kind of research sells itself, because it is easy to see that it 
could make the difference between working for pay or just for the 
fun of it. We have done many other things—far too numerous to 
mention here—that shed some light on what our editor friend called 
the darkest place in the world. In all honesty, however, we must 
admit that the inside of a dairy cow is still a pretty dark place. And 
the same can be said for the other classes of livestock on our farms. 
Research teams up with service 

Research is the backbone of most of our service activities that affect 
livestock. I have pointed out how these team up in the meat-inspec- 
tion work. The same teamwork exists in our other programs. 

One of the early tasks assigned to the Department was fighting 
livestock diseases, some of which are transmissible to man. The first 
to be conquered was pleuropneumonia of cattle. The dread foot-and- 
mouth disease has been eradicated six times since the turn of the cen- 
tury. Only during the past year a deadly form of Asiatic Newcastle 
disease was detected and eradicated before it could spread to our 
poult ry flocks. 

Two diseases receiving concentrated attention at present are brucel- 
losis and tuberculosis of cattle. Both have caused heavy economic 
losses to the livestock industry, and both represent a problem in human 
health. Tuberculosis has been almost eradicated: less than 1 percent 
of our cattle now have it. Before the national program of testing and 
eradication of diseased animals was begun several years ago, it was 
not unusual for herds, particularly in heavily concentrated dairy 
areas around our large cities, to show 25 to 40 percent infection. 

Progress is being made in eradicating brucellosis, but the fight here 
is far from finished. Of more than 5,000,000 official blood tests 
made last vear, there were slightly more than 3.5 percent reactors. At 
the close of the year 432 counties in 21 States qualified for modified 
accredited areas Ses than 1 percent infection. North Carolina and 
New Hampshire are completely free of the disease. 

Another way in which the Department protects the Nation’s live- 
stock is to quarantine all animal immigrants—a kind of Ellis Island 
for livestock. If animals show symptons of disease while they are in 
quarantine, the ‘y are not released until they are entirely recovered. 


MAN’S WAR ON INSECTS 


The endless war between man and insects has been dramatized by 
many writers, and some have gone so far as to predict that insects will 
_ here long after man is gone. While I take a more hopeful view, 

T do not for a moment underestimate the strength of our opponent or 
the severity of the struggle. 

Insects have the advantage of numbers. Entomologists estimate 
that there are more than a million different kinds of insects on the 
earth, and that the total number would be a figure so large that it 
wouldn’t have any meaning. 

Insects multiply with incredible speed, and they have the further 
advantage of being able to adapt themselves to almost any condition. 
This accounts for the fact that insects have been present on this planet 
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much longer than man and have seen many forms of life appear and 
disappear. 

Recent events illustrate the adaptability of insects. For a while it 
seemed that DDT would practically spell the doom of some of the 
worst actors of the insect world, such as flies and mosquitoes. Now, 
however, we are finding that both are showing resistance to this amaz- 
ing insecticide. Actual cases of proved resistance are still relatively 
few, but they serve as reminders that we must sharpen our wits and our 
weapons. 

De Ci8iVE battle 8 

The record of Department scientists in this war is filled with many 
victories, some of which at the time seemed almost disastrous to the 
foe. In the late nineties, for instance, Department entomologists 
recommended to the public the (lrainage ot swampy areas and use of 
kerosene on still bodies of water to control mosquitoes. This recom- 
mendation was based upon studies of the life history of the major 
malaria mosquito in this country. ‘These methods, now supplemented 
by DDT, are used all over the world. 

Screens for doors and windows and screened porches are taken for 
granted by most people in this country. However, their value in pro- 
viding protection from malaria was demonstrated by experiments of 
the Department less than 30 years ago. Use of screens is now a “n nust” 
in all parts of the world where malaria is a health factor. 

But not all of our early guns were trained on mosquitoes, First 
public interest in the control of houseflies was aroused by the Depart- 
ment, and its battle cry “swat the fly” was heard oe the world. This 
campaign, like that on mosquitoes, was backed by faets co cerning 
the life cycle and feeding habits of the enemy. 

Expe riments p rior to 1900 showed that flies breed most exte1 sively 
in barn LV ard manure and that proper sanitation would go a lone way 
toward controlling them and the diseases they carry. Later on, house- 
hold and barn sprays came along, followed by aerosols or mist sprays. 
‘The aerosol pr ine Lp le become the basis of the f, unous aerosol bomb used 
so widely during the last war by our troops and since the war by 
everyone. 

The most decisive battle to date in our war on insects was the de- 
velopment of DDT. It rocked the insect world: and, in spite of the 
fact that some species are slowly de veloping resistance to it, DDT is by 
far our most useful weapon against insects. It has completely changed 
large-scale control methods against flies, mosquitoes, and many other 
insects, 

Mankind’s ancient enemy, typhus, can easily be prevented by con- 
trolling its carrier, the body ae DDT does this to perfection. A 
typhus epidemic raging in Naples, Italy, in 1944 was stopped in its 
tracks by use of DDT. 

Strategy of current CAM PAigns 

We have also won some notable victories over insect enemies of crops 
and livestock and those that invade our homes. Sometimes we do this 
by setting one insect against another. Sometimes a simple ch: ange Ina 
farm practice will turn the trick. In some cases we can deve! op crop 
varieties that have natural resistance to insects. When none of these 
methods work, we resort to poisons in the form of insecticides. 
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The first planned use of one insect to control another took place 
in 1888-89 when a Department entomologist was sent to Australia 
to find and bring back an insect that we. control cottony-cushion 
scale—also native to Australia—then threatening to destroy Cali- 
fornia’s growing citrus industry. 

This trip seemed a long-shot gamble, and the Congress refused to 
appropriate funds for it. The Department’s head entomologist at the 
time was a resourceful administrator, and he arranged to have his man 
sent over as a delegate to the Melbourne Exposition, for which funds 
were already available. Needless to say, the entomologist spent little 
time at the exposition but scouted the byways and hedges. His mission 
was successful, and his work has become a classic of modern science. 

‘The way we outwit the Hessian fly by delaying the planting of winter 
wheat is a good illustration of fighting insects by changing a farm 
practice. Entomologists thought this one wp many years ago, but until 
that time Hessian flies were one of our major pests of wheat, causing 
losses as high as $100,000,000 in some years. The only thing farmers 
have to do is to delay planting of wheat in the fall until after the fall 
egg-laying period of the fly is over. 

We are making increasing use of built-in resistance to insects by 
developing new strains and varieties of plants that insects don’t like. 
Examples are varieties of corn resistant to the corn borer, corn ear- 
worm, or chinch bug; wheat resistant to Hessian fly; barley resistant 
to greenbug; sugar beets resistant to leafhoppers; and alfalfa resistant 
to aphids. Some of these are already available; others are in the 
process of development by entomologists and plant breeders. 

The final plan of action, when we cannot get results from the others, 
is to use insecticides. I call attention to this because many well-mean- 
ing people believe that the Department has gone overboard in recent 
years on insecticides. The truth is we have gone overboard on all 
methods of insect control, because we have no other choice. 

It is true that we use chemicals more often than other measures, but 
that’s because they’re more effective against most insects. We can’t 
work the delayed planting strategy against very many, and breeding 
for resistance is slow and expensive work. It’s true we have been suc- 
cessful in using many predatory or parasitic insects to control certain 
enemies, but this method won’t work across the board. 

New INS cticides turn the tide 


DDT has upset the enemy in so many instances that I could not even 
list them. It took care of codling moth, the cause of wormy apples; it 
controls the corn earworm; and it saved the day for cotton growers. 
It has made possible the control of forest insects that rank right along 
with fire as plunderers of our shrinking forests. It has worked wonders 
against many livestock pests that levy a heavy tax on our milk and 
meat production. 

But DDT is only one of many new insecticides. We are testing hun- 
dreds all the time. In many cases a combination of two or more of the 
new chemicals gives better results than either alone. This has been 
true against many fruit, vegetable, and cotton insects. Combination 
insecticides that kill the major pests of cotton in one application is the 
greatest single advance thus far in our war on these pests. 

An entirely new approach to cotton-insect control was discovered 
11 certain new organic insecticides that kill boll-weevil larvae devel- 
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oping inside punctured squares. Plant tissues absorb these insecti- 
cides and kill the insects developing within the tissues. This is an 
intriguing idea, and we are following it up. If insecticides could be 
put in the soil with fertilizer without harmful effects, costs of applica- 
tion would be greatly reduced. 

The war on insects is not confined to stock pen, field, or forest, but 
must be waged on the home grounds and inside the home. Here, too, 
we have won some notable victories. Home owners and others can 
now control Japanese-beetle grubs by applying a small quantity of a 
powder to the soil. This powder contains spores of a disease that 
kills grubs in the soil. A single, simple application lasts indefinitely. 

Clothes moths and other household insects have survived all our 
stratagems of the past, but we think we have most of them cornered 
now with our new weapons. DDT, chlordane, and pyrethrum plus 
butoxide are new effective weapons against these pests. 

Fifth column threatens 

The insects that we are fighting here on the home front are just a 
part of our total enemy. There are more species waiting to set foot 
on our shores than have already landed. These form a fifth column 
that staggers the imagination. If they got in, they would more than 
double the tax we now pay to insects, and they might wreck some 
parts of our agriculture altogether. 

Many of the insects that now give us the most trouble are those that 
have slipped in when no one was looking. They leave behind their 
natural enemies and settle down. Some more familiar examples are 
European corn borer, Japanese beetle, Mexican boll weevil, and 
Hessian fly. 

The only guard that stands between us and these hordes of pests 
is a thin line of Federal plant-quarantine inspectors. These men are 
stationed at the principal ports of entry to examine baggage and other 
articles brought in by travelers. This is a service that goes on 365 
days a year, largely unknown to the people whose crops and orchards 
are being protected. 

Dangerous criminals of the insect world are turned back almost 
every day in the year by these inspectors. These insects come in 
ships, by rail, auto, and airplane. They come secreted in packages 

of food, in wrappings of gifts, and especially in baggage. Parcel- 
post packages are another favorite means of infiltration. 

This threat from foreign insects is one that we have to live with, 
but we had better not forget about it. Just a few of these invaders 
could establish a beachhead that could wreck our future plans of 
production. 

We've been able to drive out foreign insect invaders in a few 
instances—the Mediterranean fruitfly and the Parlatoria date scale, for 
example—and we’ve prevented or retarded the spread of others, such 
as the gypsy moth, white-fringed beetle, and pink bollworm. In these 
latter instances we’re still hopeful our entomologists will find ways of 
eradicating them, just as they may be doing now with the new weapons 
in use against the gypsy moth in Northeastern States. 

Friendly insects work for us 

The insect world is full of strife, just as is ours. Fortunately for us 

many insects live on others, recalling the jingle: 


Big bugs have little bugs upon their backs to bite ’em; 
Little bugs have littler bugs, and so ad infinitum. 
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Insects also die by the millions from disease. I have already men- 
tioned how we take advantage of predatory and parasitic insects to 
control pests of fruit, and how we have spread a deadly disease among 
Japanese beetles. Our search for allies among the insects goes on 
constantly. 

One of our oldest allies is the honeybee. From Biblical days up toa 
few years ago this little symbol of industry pretty much escaped the 
ministrations of science. But now we have disturbed its simple life 
with artificial breeding. We want to control breeding and build up 
the bees to be better servants of man. We are well along the way, with 
inbred lines and hybrid bees, somewhat like hybrid corn. 

The production of honey is no longer our chief requirement of bees. 
We want them to pollinate our crops, many of which will bear no seed 
or fruit unless they are pollinated by insects. Modern agriculture, 
including some of our modern weed killers, insecticides, and farming 
methods, has done badly by some of our old friends such as bumblebees 
that used to pollinate fruit and forage crops. 

Honevbees are now in great demand as pollinators. We have just 
imported some stingless honeybees from Brazil. These are smaller 
than ours and live in trees like wild bees. We are studying them at 
several points in the South, where they would be useful in pollinating 
fruit and forage crops. 


UTILIZATION RESEARCH 


So far I have pretty largely discussed production research. In the 
early days of the Department and State stations the main problems 
were in production. Export markets were good and no one worried 
about surpluses. It has been only in comparatively recent years that 
we have been concerned over new outlets. 

Utilization research is essential to efficient production and market- 
ing. It is aimed at improving exisiting foods, fibers, and other farm 
products, at creating new ones, and at finding uses for farm wastes and 
residues. Much of this work is done at the four large regional research 
laboratories, which have been in operation about 10 years. 

These laboratories truly exemplify science in action. The tasks 
assigned to them are nearly always extremely complicated, and m: ny 
of them require long and involved work of a fundamental nature. 
Sometimes the job calls for taking an agricultural material apart, 
molecule by molecule, and reassembling it to make a new product. 

The old notion that chemists could make silk purses out of sows’ ears 
has given way to the idea that they are the people who make nylon out 
of coal, air, and water. Most of our work is not so startling, but we 
have had our share of successes. 


Penicillin and streptomycin 

Our contribution to commercial production of penicillin contained 
all the elements of the dramatic and spectacular and was a high spot 
of wartime research. It wasa race with death, depending on how fast 
science could coax microscopic molds to work. 

Our scientists reasoned that somewhere just the “right one” existed. 
They sought the magic micro-organism in every corner of the earth 
available to us at the time and fin: ally found it in their own back yard— 
growing on a spoiled cantaloup in the Peoria city market. Then it 
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became a question of feeding it just the right diet to make it work at 
breakneck speed. The fact that the British already knew the value of 
this wonderful new medicine lent drama and suspense to the race. 

Just as brilliant achievements of an individual are often built upon 
tedious years of study and preparation, so was the penicillin accom- 
plishment based upon many years of experimentation with molds by 
Department chemists in a search for more efficient ways to convert 
farm commodities into industrial products. One of the best known 

examples is the conversion of starch from corn or potatoes into 
industrial alcohol. The process is also used to produce yeasts, vita- 
mins, and other ingredients of feed. 

The penicillin story is only one example of agricultural research 
that has given us new and useful medicines. Many other antibiotics 
have emerged from agricultural laboratories. The most famous 
among these are streptomycin and its relatives, chloromycetin, 
aureomycin, and terramycin, discovered at the New Jersey station. 
Studies of soil microbes led to discovery of these life-saving medi- 
cines—another example of fundamental research that has paid off in 
2 big way. 

One of the most notable recent contributions of agricultural research 
to medical science is the new drug rutin, which is extracted from green 
buckwheat plants. This drug lessens the severity and duration of 
bleeding in hemophilia (the so-called bleeding disease of European 
royalty) and helps to protect people with high ‘blood pressure against 
apoplexy and retinal hemorrhage. It gives protection from the 
harmful effects of frost bite and also of X-rays. This has suggested 
that it may aid in avoiding damage to human tissues from atomic 
radiation. 

Rutin was discovered at one of the regional laboratories when we 
were looking for something worth while in low grade tobacco, which 
was in surplus at the time. The laboratory later found that rutin 
could be obtained more economically from young buckwheat plants. 
About 15 pharmaceutical companies are now producing rutin. 

Science is not primarily interested in morality. It will provide 
means of saving life or means to destroy it. Thus the antibiotic story 
is in sharp contrast with that on guncotton. 

During the last war Department chemists hit upon a new method 
of stabilizing guncotton, or nitrocellulose. The new procedure saves 
about two-thirds of the time formerly needed in making this explosive. 
Because it makes possible substantial savings in the cost of smokeless 
powder for large-caliber guns, this process can help cut expenses in 
rearming our Nation. It also permits powder factories to be smaller 
and thus less vulnerable to air attack and easier to move underground 
if necessary. 


Making cotton more useful 


Cotton has been the subject of much research since establishment 
of the regional laboratories. This work is laying the foundation for 
improved cotton goods better able to meet increasing competition from 
synthetic-fiber products. Research is demonstrating that cotton’s 
natural qualities can be improved by chemical modification of cotton 
fibers, yarns, and fabrics. Discoveries resulting from this work are 
now in commercial use. 
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One of these is a simple dye test that makes it easy for cotton-mill 
operators and cotton dealers to estimate the relative maturity of lint 
cotton, and thus to find out in advance how it is likely to behave during 
processing. If lint cotton contains a fairly large proportion of under- 
developed, thin-walled fibers—commonly known as “immature”-—it 
often spins poorly and may cause dyeing defects in the finished goods. 
The method of detecting immature fibers depends upon the different 
reactions of mature and immature cotton to a special mixture of red 
and green dyes, and is now widely used throughout the cotton industry. 

Cotton yarn and fabric highly resistant to rot and mildew and 
able to stand greater heat than ordinary cotton is another recent 
development. This new cotton looks and feels like the regular prod- 
uct but lasts much longer. It is made by a chemical treatment called 
yartial acetylation, and has been adapted for commercial production. 
Practical tests show this method to be the best so far developed for 
protecting cotton from rotting and from damage by extended exposure 
to heat. 

Science on the dining table 

Another important segment of our utilization research deals with 
foods. Early work of the Department on food adulteration provided 
the foundation for the pure food and drug laws early in this century. 
Later work aided the expansion of our food-processing industries 
and helped to standardize marketing practices among producers and 
distributors of fruit and vegetable products. Today science is making 
our foods more appetizing and easier to prepare. We Americans 
never sit down to eat without having a liberal sprinkling of science 
in our foods. 

Earlier in this report I told how the citrus industry of California 
was saved by introducing a friendly insect from Australia to stop 
the ravages of a scale insect that was killing the trees. Many years 
later the industry was in trouble again—this time from overproduc- 
tion—and again called on the Department and State agencies for help. 

The result was a whole array of citrus byproducts, including lemon 
oil, orange oil, citrate of lime, and citric acid from cull fruit. Pectin, 
marmalades, and stock feeds joined the list. These items, together 
with improvements in handling and transporting the fruit to eastern 
markets worked out by Department horticulturists, helped to get the 
industry back on its feet. 

Frozen concentrated orange juice offers another example of re- 
search coming to the rescue of the citrus industry. Orange growers 
in Florida were in clover during the war, when the Government was 
buying large quantities of fruit for processing and shipment overseas, 
but they were foresighted enough to know this demand would not last. 
Accordingly, the Florida Citrus Commission and the State experiment 
station cooperated with the Department to improve frozen citrus 
juices. 

Events proved the wisdom of the Florida growers. Prices dropped 
below costs of production in the 1946-47 season. As conditions grew 
worse the chemists again came up with the answer. Frozen concen- 
trated orange juice was an instant success and is now a familiar item 
on the breakfast tables of millions of American families every morn- 
ing. 
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All concentrate plants are increasing capacity. During the 1950-51 
season the 16 plants in Florida expect to produce 35,000,000 gallons 
of the concentrate. Two plants are being built in Texas, and several 
are already in operation in California. Value of the Florida pack 
alone last year was $132,000,000. 

Other food research that is bringing more appetizing foods to our 
tables—which I can mention only in passing—has resulted in frozen 
orange and lemon purees, fruit essence from apples, grapes, and other 
fruits, a froth flotation process—borrowed from the mining industry— 
for cleaning peas, and improvements in the processing of pickles. 


More about soybeans 

I have already mentioned soybeans as one of our most worth-while 
introduced plants and told how plant breeders created special varieties 
for a hundred uses. But even so, the soybean would never have 
reached its present pinnacle except for research by other scientists 
in the Department, the States, and industry that resulted in a wide 
variety of food and industrial uses. And we are still working on it. 

Soybean oil has a tendency to develop undesirable flavor in storage 
which limits its use for foods. This difficulty is yet to be overcome, 
but we are making some progress. It has been found, for instance, 
that a small amount of citric acid, added to soybean oil in the refining 
process, makes the oil keep three to five times longer. Several com- 
mercial refiners are using this method to make better soybean oil for 
margarine, shortening, and salad dressing. 

Department research has added a number of items to the long list 
of industrial products made from soybeans. The drying quality of 
soybean oil has been improved for ‘use in paints and varnishes. A 
whipping material with many of the properties of egg white has been 
made from soybean protein. A soybean glue now goes into more than 
half the shotgun shells manufactured in the United States. 


New uses for agricultural wastes 

The American passion for efficiency is exemplified by our large meat 
packing houses, where, according to the familiar saying, all of the pig 
is used except the squeal. Our agriculture has suffered from the lack 
of such efficiency in controlling waste, but research has not ignored 
this problem. 

For many years the Department has investigated practical ways to 
use agricultural wastes and residues of various kinds, including wheat 
straw, corncobs, waste vegetable leaves, and the pulps and juices from 
fruit canning plants. 

Our truck farms grow 7 to 8 million tons of a dozen major vegetable 
crops every year, but less than half of this production reaches the con- 
sumer. The remainder consists of leaves, vines, and other materials 
that are discarded at packing houses and processing plants. Yet 
many of them are rich in proteins, minerals, vitamins, and other feed 
nutrients. Practically all of this material goes to waste. 

Many other crops contain valuable residues. We have millions of 
tons of unused wheat straw, corn stalks, and corncobs, for example. 
By and large, only about half of our farm production in terms of plant 
material finds worth-while use today. Here is a compelling challenge 
to research in the future. We have already made a beginning. 

Practical methods have been developed for drying waste vegetable 
leaves and converting them to high-protein leaf meals for livestock. 
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The value of these meals as a good source of protein and carotene has 
been demonstrated in actual feeding tests. 

Substantial advances have been made in the economical utilization 
of waste fruit and vegetable juices in fermentation processes for pro- 
duction of industrial alcohol, yeasts, vitamins, other feed constituents, 
and antibiotics. Large quantities of corn steep liquor, a byproduct 
of the corn refining industry, and milk sugar, a dairy byproduct, are 
used in the production of penicillin. 

Even the lowly corncob is finding a use in industry. It comes back 
to the farm in the form of nylon stockings for the farmer’s wife and 
daughter. 

Several years ago the Department was looking for a way to use 
corncobs in industry and developed a method for “making furfural, a 
chemical that was selling for about $30 a pound. A few years later, 
as a result of our work and expanded uses for the chemical, furfural 
had dropped to 14 cents a pound. Today industry uses 300,000 tons 
of cobs a year, most of which goes into the manufacture of furfural— 
an intermediate used in the production of nylon. 

Turpentine farmers live by research 

To most of us turpentine is something that’s used to thin paint or 
to remove it from our hands or clothing. But to 40,000 farmers in 
the Southeast, it is a livelihood. These farmers are making a good 
living out of pine gum, source of gum rosin and turpentine—long 
known as naval stores. Most of them carry on other farm operations 
and work their pine trees as a side line. No crop in America owes 
more to research. 

Conservation and fire-protection programs have helped immeas- 
urably to maintain and increase the productivity of second-growth 
pine stands along the South Atlantic and Gulf coast. Department 
researchers have found w ays to treat pine trees with an acid spray 
that stimulates them to increase the flow of gum. Gum-processing 
methods have been radically improved, and the yield and quality of 
gum turpentine and rosin have been increased. 

Modernization of turpentine farming began in the late twenties. 
Department scientists developed a new gum-distilling process using 
steam distillation to replace the primitive ‘fire stills that had dotted the 
piney woods country for 150 years. A few years later a process of 
gum cleaning lifted most of the rosin from lower grades to the 
highest, and a method of dehydrating turpentine improved its quality. 

These improvements revolutionized the gum naval stores industry. 
They led to the construction of efficient central distilling plants and 
made pine gum an ideal “butter and egg crop.” Gum can be collected 
and sold during 9 or 10 months of the - year, and, if the fish are biting, 
the job can be delayed a few days without loss. A continuous-steam 
still is the latest gift of science to this ancient industr y. 

The Department’s naval stores research has contributed to the de- 
velopment of rosin soaps, used commercially on a large scale as emulsi- 
fiers in the production of synthetic rubber. Research has also led to 
effective utilization of other farm products in the manufacture of 
synthetic rubber. 

Besides rosin emulsifiers, fatty-acid soaps from inedible animal fats 
are also used in large quantities in making synthetic rubber. Tech- 
nical difficulties threatened the loss of this market for an important 
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agricultural byproduct, so our research men got busy and located the 
trouble. In this case research served the double purpose of saving a 
valuable ingredient in our expanding synthetic-rubber industry and 
the market for an important agricultural byproduct. 


Skimming the cream in dairy products research 

Frog inedible animal fats to tasty dairy products is a pleasant 
change, but the imprint of research is still there. Our dairy scientists 
have improved practically every dairy product in existence, and many 
that we take for granted today are the children of science. 

We would not think of eating the kind of butter prevalent in the 
vay nineties. It was made from unpasteurized sour cream and, in 
storage, developed odors described as metallic, oily, and fishy. Much 
of this butter, of course, was a total loss so far as human food was con- 
cerned. Scientists of the Department proved that butter of good 
flavor and keeping quality could be made from pasteurized sweet 
cream, and the industry adopted the practice. 

Our domestic Swiss cheese industry is a result of combining modern 
science with an ancient art. American cheddar cheese has been vastly 
improved, chiefly through the use of pasteurized milk. Packaging of 
cheese in small consumer sizes with transparent wrapping in which 
the cheese ripens cuts out the rind loss and has greatly stimulated con 
sumption. Pasteurization has stepped up the output of No. 1 dhesiee 
from about 25 to more than 90 percent of total production. 

When outbreaks of disease during World War II were traced to the 
eating of fresh cheese made from raw milk, several States enacted legis 
lation requiring pasteurization of the milk as a substitute for a long 
ripening period. Enforcement of these laws was greatly he ‘Ipe “lL by a 
method worked out in our laboratories for checking on pasteurization. 
The method was later modified for use with practically all dairy 
products. 

When milk is consumed fresh or as evaporated or condensed milk 
all of the nutrients are utilized. But when it is made into butter or 
cheese the story is far different. Butter utilizes fat and vitamin A, 
and cheese utilizes most of the protein and fat and some of the milk 
sugar and salts. ° The rest of the vitamins, the minerals, and the milk 

ugar are left in the skim milk and whey. These products, for the 
most part, are either inefficiently used or wasted. 

This situation has not been ignored by research people, and a good 
beginning toward making better use of these valuable food nutrients 
has been made. Dried milks, both whole and nonfat, were used widely 
during and following the last war and are now available in consumer 
packages, 

New good uses for whey have come from our laboratories. A new 
product, sweetened condensed whey that can be held without refrigera- 
Hick was prepared, and formulas for its use have been given to manu- 
facturers of candy, canned soups, and other foods. We can now make 
excellent ice cream fron buttermilk. 

Dried milks are now widely used in bread and other foods. Lactic 
acid is used in making Lactophrene EV, a new synthetic rubber that 
has higher resistance to heat and oils than any other rubber, natural or 
<vnthetic. Casein is used in making a new fiber now used in air filters 
for automobiles and as a cushioning material in mattresses. 
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The list of new foods from agricultural research is long and varied. 
Like the girl in front of the nut shop, Iam merely passing out samples 
of what is being cooked up in our scientific kitchens. We actually did 
this at a special luncheon for the Agricultural Research Policy Com- 
mittee at Beltsville some time ago, and some of us were frankly 
amazed at what we had to offer our guests: Needless to say, the meal 
was much too big. ® 

One of the primary objectives of utilization research—and all our 
other research, for that matter—is the welfare of our population. 
This calls for finding out by experiment and then promoting in every 

way possible the wise use of the foods we produce. 
Nutrition for everyone 

Agriculture must supply the kinds and quantities of foods to meet 
the health needs of all our population. This requires exact informa- 
tion on the nutrients different individuals require in the various age 
groups. We must also know the foods which supply these nutrients. 

Nutrition scientists now measure the amounts of protein required 
for maintenance and for periods of growth and building up, and they 
are preparing tables giving the amino acid content of the proteins 
in important foods. Fats, too, supply certain essential acids. The 
requirements for these are being studied, and the amounts in food and 
fat are measured to assure that requirements for health are supplied. 

It is hard enough to acquire these basic facts, but sometimes it is 
even more difficult to get people to use them. While our nutrition 
workers are getting these facts in the laboratories, others are mak- 
ing surveys to find out what people are buying and eating. For 
the last 50 years the Department has ‘had an insatiable curiosity about 
what people eat. This information shows us where we are skating 
on thin ice and points up the opportunities to improve our diets at 
no increase in the food budget. Sometimes it even shows how we 

could save money in the process of choosing foods wisely. 

Changing people’s food habits is a large order, but we already have 
ample proof that it can be done. Earlier I mentioned some of the 
changes in consumption since 1939. Schools are doing the job—the 
place where it does the most good—and home-demonstration agents 
and youth groups are helping. Publications of every description, 
from the most technical to the most popular, have been issued by the 
Department and distributed by the millions. As a result of educa- 
tional campaigns nearly everybody today knows about the basic seven 
foods, about the value of milk and the other protective foods, and 
about the need for a good breakfast every day in the week. 

A good lunch is also a good idea, particularly for school children. 
Our food-preparation scientists have teamed up with the plentiful 
foods program of the Department and worked up recipes for school 
lunch use. Recipes for 25, 50, or 100 servings have been prepared, 
using such foods as potatoes, nonfat dry milk, dried whole eggs, dried 
fruit, and turkey. This and similar work in home and institutional 
food preparation teaches and demonstrates good nutrition at one and 
the same time and helps to make use of foods often in abundant supply. 

Nutrition is just one part of home economics. Others clam 
studies of clothing and textiles, home equipment, and ‘houses designed 
for more efficient and convenient living and working. 
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Clothes for the working woman 

Clothing scientists have pioneered in designing women’s clothing 
suited for farm work, indoors and out, and ‘to factory jobs, These 
designs for dresses, coveralls, raincoats, and other garments provide 
for comfort, freedom in work activities, and safety. When the first 
designs appeared they set a standard for a new large branch of the 
work clothes industry. In a few months about 100 companies were 
putting out garments following the Beltsville designs or making use 
of the functional principles illustrated. 

Practical aid to the clothing industry and better fitting garments 
for the consumers are resulting from an unusual Department study 
made a few years ago. It is said that at least $13,000,000 worth of chil- 
dren’s clothing is returned annually to retail stores because of inade- 
quate sizing and marking systems. Scientific measurements of 150,- 
000 children and 15,000 women were made, and improved systems 
for sizing garments were worked out. This work has eliminated 
much waste due to misfits. 

Every family that uses modern household equipment benefits from 
our work. We maintain a well-equipped laboratory at Beltsville for 
studying the performance of home freezers, refrigerators, washers, 
and similar items. We give them a thorough going-over and submit 
to manufacturers our findings, together with suggestions on how the 
equipment can be improved. Many of these suggestions are built into 
the next model. 


The story of aladder 

The science of wood utilization hit the front pages of every news- 
paper in the country several years ago in connection with the most 
famous and sensational kidnaping case in our history. Officials were 
baflled; their chief clue was a short ladder, but to ordinary crime- 
detection experts ladders made of wood do not tell their secrets. 

Someone thought of Department scientists at the Forest Products 
Laboratory and asked for a wood expert. Like a bloodhound he 
traced the lumber from the ladder back to the lumberyard and on 
back to the purchaser. With this guiding information, nabbing 
the criminal and convicting him was made possible. 

To many newspaper readers the Forest Products Labor: atory was 
in unknown quantity, but not to thousands of wood and lumber users. 
T hey had been taking their problems to the laboratory for many years. 

The newspapers themselves and their readers owe quite a debt to 
the science of forestry. Forty years ago spruce pulpwood furnished 
most of our paper, with some help from balsam, hemlock, and poplar. 
Scientists found ways to use some of the more plentiful species, such 
as the southern pine, Douglas fir, and many of the hardwoods. Yields 
have also been increased. 

One of the interesting stories of wood concerns the rather simple 
thing of fastening together two or more pieces of timber. First we 
used wooden pegs, then metal drift pins, nails, bolts, and finally mod- 
ern metal connectors that make it possible to design wooden structures 
bie engineering precision. The laminating of beams, arches, and 

ther structural members has been brought to a high state of develop- 
ment to provide a means of making small pieces do the work of large 

timbers, as the large trees of our virgin forests disappear. 
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Plywood has been transformed from a whimsical product whose 
behavior was unpredictable into a dependable material that can be 
used for exterior building purposes. 

We have learned much about wood chemistry. Cellulose can now 
be changed to sugar and it in turn to ethyl alcohol, feed yeast, molas- 
ses, or other products. Lignin is a potential source of alcohols and 
many other chemicals. 

More than a million tests have been made at the laboratory to get 
exact information on the properties of 175 native woods and materials 
derived from wood. With modern glues developed by research the 
gluing of wood has progressed from a traditional and secretive proc- 
ess into a well-established commercial operation free of trade secrets 
and hocus-pocus. 

Seasoning of lumber has been changed from a slow process depend 
ent upon nature for heat and air circulation to a highly specialized 
scientific process. Wood-preservation treatments have been vastly 
improved and are in wide use now. Other treatments prevent swell- 
ing and shrinking, and still others can make softwoods behave like 
hardwood. 


ECONOMIC RESEARCH FOR FARMERS 


Farming today is a business that requires high-class economic coun- 
sel based on the most reliable data that can be brought together. 
Efforts to provide this began more than a century ago with Federal 
collection of a few statistics on farm production. ‘Today economic 
research on the organization and operation of farms and on the impact 
upon farmers of technological progress, of changing supply and 
demand conditions, of varied developments throughout the domestic 
and world economies has become a major activity both in the Depart- 
ment and in the land-grant colleges. 

Economics of production 

Each new machine, each new practice that comes from laboratory or 
field plot poses new questions for the dirt farmer. He needs to know, 
“Will it pay! How can I change my farming operations to make it 
pay?” Combining the separate contributions of research on plants, 
animals, and machines into efficient and profitable systems of farming 
is a never-ending task in this age of rapid technological advance. 

Farm budget analysis has been developed into an effective farm 
nianagement research tool for dealing with this problem. ‘Today in 
some of the State experiment stations the most promising combinations 
of crops and livestock developed through farm budgets are being tested 
on farm-scale research farms. On these farms the results of many 
unrelated lines of researc] are being fitted together into farm plans 
that will work, area by area. This synthesizing of the work of the 
natural scientist and th 1e engineer with that of the economist is still 
in its infancy. Iam confident that it holds great promise for hasten- 
ing the application of research results on farms throughout the Nation. 

The value of research in farm organization and management was 
dramatized in World War II. It furnished the basis for much of our 
program for mobilizing agricultural production. We had to have 
information on needed acreage of crops, numbers of livestock, size 
of labor force, amounts of ms wchinery, gasoline, and other items. The 
Department was able to furnish this information. 
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With the cooperation of the land-grant colleges, the productive 
capacity of agriculture was analyzed as a basis for yearly production 
goals to meet the Nation’s wartime needs. Many farmers were asked 
to make drastic changes in their operations. Economic veaseneh 
helped them plan these ‘adjustments efficiently and indicated the prices 
and other inducements necessary to encourage ventures into new lines 
of production. 

Not all production problems can be resolved by farmers acting as 
individuals. Conservation and utilization of ea and water re- 
sources, land tenure and land values, zoning, agricultural credit, 
insurance and taxation, all present economic problems of broader 
implication. Federal and State research has contributed to improve 
ments in farm le asing systems, to putting farmers’ mutual insurance 
on a sound basis, and to preventing a repetition of the overexpansion 

of farm mortgage credit that led to the debacle in farm real estate 
felons the First World War. National programs for specialized 
farm credit, for crop insurance, for encouraging sound conservation 
measures are built on the foundation stones of research in these fields. 
Ei Ono mic adviso) Y SE PViCe to farme rs 

Agriculture today is one of several major industries in a close-knit 
economy. Both farmers’ individual success and the national well- 
being depend heavily on the ability of farmers to adjust their business 
in the light of a multiplic ity of economic developments. 

Thanks to agricultural economics research, farmers faced with this 
need have an economic advisory service which is today on a par with 
that available to any segment of industry. Starting with the first an 
nual outlook conference, in 1923, this work has expanded into a year- 
round service providing current information on supply, demand, price, 
and other trends for every major group of agricultural commana 

Information on significant developments, both at home and through 
out the world, is continuously assembled and analyzed by agencies of 
the Department. Results of this research are rapidly disseminated, 
through the periodic Situation and other reports, to economists and 
extension specialists in the States, to the farm press, and to farm 
leaders and advisers throughout the country. They ad: upt this in- 
formation to local conditions or problems so it will be most useful to 
individual farmers. ‘The usefulness of current research on the eco- 
nomic outlook as a guide to farmers in planning their operations de- 
pends on getting the information to them as quickly as possible. The 
speed with which this material is disseminated is therefore a major 
achievement. 

Mi asuring the economic situation of farme rs 

Scientific analysis of any problem depends first of all upon identifi 
cation and measurement of many factors. In economics this requires 

devising workable combinations of diverse statistical data. Our sue 
cess in this constitutes a major achievement in agricultural research. 

The indexes of prices received and of prices paid by farmers are 
early fruits of research ingenuity in tackling this problem. These 
indexes made possible the concrete formulation of the “parity” goal 
for agriculture as embodied in our basic farm policy legislation. Other 
index numbers provide composite measures of crop yields and farm 
production, of total and average per capita food and fiber consumption, 
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of the farmer’s share of the consumer’s dollar, of farm costs and re- 
turns, of farm employment and wage rates, of farm land values— 
indeed of virtually all the economic factors significant for appraising 
the situation of agriculture as a whole and of its many segments. 

“Farm popul: ition” has been meaningfully defined for use in the 
decennial census, and measures of farm family levels of living have 
been devised for comparison between areas and with other popula- 
tion groups. Systems have been developed for economic classification 
of farms and type-of-farming : areas, and the financial condition of 
farming as a whole has been uniquely portrayed in the annual balance 
sheet of agriculture. 

For no other segment of the economy do we have so adequate and so 
effectively organized a body of statistical measures of economic condi- 
tions as we do for American agriculture. They form an outstanding 
and essential part of our national economic statistics. They are the 
foundation for appraising current economic developments. They pro- 
vide the basis for determining the farm adjustments which are needed, 
either in war or in peace, to most effectively meet our consumption and 
foreign trade needs. 

These varied services of agricultural economics research have come 
to be largely taken for granted by the farmers, businessmen, and agri- 
cultural leaders who rely upon them for information and guidance. 
They have become the accepted basis of fact for policy formulation 
both by Congressmen in the enactment of legislation and by exec utive 
branch officials in program administration. They play their role, in 
partnership with research in the natural sciences, in the continuing 
progress of American agriculture toward the twin goals of greater 
productivity and higher levels of living for agricultural producers and 
of more abundant “supplies of farm “products to meet the Nation’s 
expanding needs. 


MARKETING RESEARCH AND SERVICES 


In my discussion on production and utilization I have called atten- 
tion to many instances of research that were prompted by changing 
conditions in the marketing of farm products. My purpose has been 
to show that no branch of agricultural research can be carried on 
intelligently without considering the others. Marketing requires more 
than the usual consideration, for it influences our other research in so 
many ways. 

Plant breeders wouldn’t think of introducing a new variety of wheat 
without making sure of its milling and baking quality. New food 
products deve sloped in the laboratories don’t get very far unless they 
have that certain something that makes eople willing and eager to 
buy them. In a highly developed agriculture such as ours, the mar- 
keting process demands the best talent we have for research, service, 
and educational work. 

In the De iD: irtment and at the State stations marketing research has 
lagged far behind that on production. This situation led to the pas- 

sage of the Research and Marketing Act of 1946, which gave special 
emphasis to marketing research, service, and educs ation. We now have 
a very broad program of work going on under this act, and I intend 
to cite several examples of progress. Before doing this, however, 
it might be well to take a quick look at marketing research and services 
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that have been going on for many years and which have played 
major role in bringing our agriculture to its present stage of de- 
velopment. 

As long as farmers grew everything they needed and their wives 
made everything the family used, there was no marketing problem in 
Americar agriculture, and hence no need for marketing research or 
services. With the expansion of agriculture and speci: lized produc- 
tion of crops and livestock, farmers became aware of the marketing 
process. 

The railroads did much to sharpen this awareness. Farm products 
began to travel long distances to big cities, and buying and selling 
were no longer a face-to-face transaction between neighbors. Farmers, 
often in debt, rushed their produce to market at har vest time, causing 
oversupplies and ruinous prices. Wide spreads in prices received by 
farmers and those in retail stores convinced farmers that they were 
not getting fair treatment. Farmers blamed the middleman and 
demanded action from State and Federal Governments. 

Consumers also were demanding action by the Government. Un- 
sanitary handling of meat in the packing houses, dramatized in U pton 
Sinclair’s book, the Jungle, led to the Federal meat-ins spection service. 
Other abuses in the commercial handling and preparation of foods 
led to the passage of the pure-food laws in 1906, administered for 
many years by the Department. 

In the decade between 1914 and 1924 the Congress weeaes to the 
demands of farmers with several sweeping actions that helped to 
put farmers in a better position to deal intelligently in the market 
place. One of the first of these was the market news service, created 
Ge 1915. 

Market news reaches eve ry farmer 

If the value of a Department service were to be measured by the 
space it receives in the daily press or by the amount of time it gets 
on the air, market reports would be in the No. 1 position. These 
reports are now carried by some 1,200 daily newspapers and close to 
1,400 radio stations, not as a service to the Department but to readers 
and listeners. Although market reports, of one kind or another, are 
available to every farmer in the United States—either at the mail box 
or over the kitchen radio—there are still commodities and markets 
on which farmers need more information. 

Of course, it was not like this at first. In the first few years the 
reports were issued at a few of the larger cities and covered only 
fruits and vegetables. Since then the service has been expanded to 
cover all major farm products. As an economy measure, the Depart- 
ment was told to abolish the service on July 1, 1933. Notices went 
out only about a week prior to this date, but during that week an 
avi a” anche of letters, telegrams, and telephone calls left no doubt of the 
value of this service to the trade as well as to farmers. The service, 
therefore, was not discontinued. 

There is a story in the Department that an official sensed the need 
of a market news service 10 years before its creation and figured out 
a plan for its operation. However, when he estimated the cost, includ- 
ing a leased-wire network—very much as we have it today—he dis- 
covered that it would cost t almost a million dollars a year to operate 
such a service. He concluded that it would be impossible to get that 
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much money, and the idea was dropped. Events later proved that his 
idea was not only practical but a necessity of modern agriculture. 


Selling farm products by grade 

The market news service could never have amounted to much with- 
out uniform grades and standards for farm products. Fortunately, 
the two services developed concurrently. It wouldn't have meant 
much to a farmer or to elevator operators to know that wheat was 
bringing from $1.50 to $2 a bushel unless all parties knew what kind 
of wheat was bri inging each price. 

Passage of the Cotton Futures Act in 1914, requiring the use of 
Federal standards in trading in cotton futures, definitely established 
the Department in standardization work. Grades of a sort were in 
use as far back as 1825 in New Orleans, but the grade names were 
not tied down to a fixed standard. The need for uniformity was voiced 
by growers and domestic spinners, as well as by cotton merchants and 
exporters. 

Confusion in the cotton trade was no worse than that in grain. In 
1906 there were 122 grades for wheat. 63 for corn, and so on down the 
line. Some States had their own oflicial grades. Boards of trade in 
the large grain centers also had their own grades for grain, and very 
few of these agreed with one another. Buying a pig in a poke was 
a relatively safe transaction compared with buying or selling grain. 

This situation was corrected by the Grain Standards Act of “1916, 
Other commodities were covered by later legislation, and now we have 
official grades for practically all agricultural products. Their use has 
spread from the wholesale markets to the retail field, where butter, 
eggs, turkeys, rice, dry beans, potatoes, canned fruit and vegetables, 
and other commodities are being sold on the basis of grades. From 
the beginning, much of this work has been carried on in cooperation 
with State Departments of Agriculture and Bureaus af Markets. 

Other important legislation of 1916 included the Warehouse Act, 
which made it possible for farmers to store staple commodities while 
safely waiting for a more favorable market. In effect, warehouse 
receipts proved to be a very useful form of credit for farmers and 
marketing agencies, as they could borrow money on these receipts. 

Inspection of farm products by Federal-State inspectors, another 
big step in developing our marketing system, was authorized in 1917. 
This gave farmers an impartial referee and put a stop to many abuses. 
This work also plays an important part in settling disputes among 
shippers, carriers, and buyers in the big cities. Inspection also is an 
essential feature of price-support programs and marketing agree- 


ments. 
Legislation corrects abuses 

Another chapter in the history of marketing was written in 1921 
with the passage of the Packers and Stockyards Act. This legislation 
recognized public stockyards as a public utility, subject to public 
regulation by the Secretary of Agriculture. 

Still another landmark came in 1922 with passage of the Grain 
Futures Act, which gave authority to the Secretary of Agriculture 
to regulate trading in grain futures. This was a response to the long- 
standing suspicion among farmers that trading in futures was just an- 
other way of driving down the prices of their products so that big 
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profits could be made by professional traders. ‘This and other similar 
legislation was incorporated into the Commodity Exchange Act as 
amended in 1936. 

The Produce Agency Act of 1927, and the Perishable Agricultural 
Commodities Act of 1930 were among later developments that broad- 
ened the protection to farmers, and incidentally helped the reliable 
produce dealers. These acts required buyers and commission men to 
show financial responsibility and to accept obligations to fulfill 
contracts. 

These regulatory acts represented profound changes in our way of 
life, and I do not want my brief treatment of them to suggest that they 
were as simple as adopting a new type of cultivator or a new breed 
of livestock. Extremists on both sides were dissatisfied when these 
laws were passed : hos e on one hand cried out against Government 

nterference, while those on the other side dem: inde d that the Goven 
ment more strictly control buying and selling of farm products. 

Mounting surpluses and falling prices for oT products in the 
twenties brought forth many proposals for giving relief to farmers. 
Prominent among these was a call for an expansion 1 of mark ‘ting serv- 
ices and regulatory authority of the Government. We have seen how 
many of these proposals were put into effect. The market news service 
was strengthened, standardization was broadened, and commodity 
futures markets were regulated. The Department began its economic 
outlook programs to guide farmers in planning production and mar 
keting. ‘This was the first of many subsequent efforts to help farmers 
adjust production to effective demand. 


C'rop re} ae hee Pp farmers posted 

Basic to all Government services to farmers are the crop and live 
stock estimates of the Se nt. This is by far the oldest of our 
econ EY services, beginning in 1839 with the first eee ition ever 
made by the Federal Govenine nt for agriculture. Collection of agri 
cultural statistics was one of the two major lines of work specified 
in the first appropriation. However, only a few annual crop estimates 
were issued from 1841 to 1845 and then stopped. 

Beginning in 1863 the Commissioner of Agriculture published 
monthly reports on the condit ion of crops. The reporting force dur 
ing’ this period was a Nation-wide volunt: ary group ot county crop 
reporters. In 1866 annual reports on acreage, yields, and production 
of important crops and livestock numbers were begun. 

As the service developed, estimates of production became a regular 
part of it. By 1920 production estimates were made for 29 crops 
and for wool. Condition reports were issued for 44 crops. A con 
tinual research program has been conducted in recent years in an 
effort to improve the estimates. In fact, the modern science of sta- 
tistical sumpling and forecasting had its origin in the work done by 
the ¢ Crop Re sporting Board. 

In the present comprehensive program, crop, livestock, and price 
estimates currently released in some 500 reports each year lend them- 
selves to a wide array of practical uses by farmers and dealers in farm 
products. Their current usefulness is heightened by the fact that a 
broad background of continuing series of data on agricultural pro- 
duction now covers a span of 85 years. 
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It would be hard to imagine the condition of our agriculture today 
without these marketing services. Certainly the technological revolu- 
tion brought about by research in production could not have 
progres ssed as it has without benefit of similar, though less spectacular, 
developments in marketing. Farmers try out new practices such as 
chemical weed killers, for example, when they have sufficient funds to 
make the investments that are often necessary. Without the addi- 
tional income provided by improvements in the marketing process, 
I fear that many of our improvements in production might still be 
waiting for adoption by farmers. 

Valuable as these marketing services have been, each new emer- 
gency, each new farm production and marketing problem turned the 
spotlight on the need for more marketing research. When the Re- 
search and M: arketing Act was passed in “1946 only 4 percent of the 
Department’s budget for research was being spent on what might be 
conan strictly marketing research. This does not take into ac- 
count the basic economic research, much of which is fundamental 
to all applied research in marketing. Neither does it take into account 
the large volume of production and utilization research, already 
referred to, that owes its existence to changes in consumer demand. 
But even with these explanations, it does show that marketi ing research 
was lagging and why the RMA gave so much prominence to 
marketing. 

RMA a landmark in agricultural legislation 

The Research and Marketing Act will be cited by historians as a 
landmark in agricultural legislation. Since I have discussed the 
over-all policy considerations that guide us in administering this act 
and the work of advisory committees in the RMA annual reports for 
1949 and 1950, I will not take the time here to repeat what I said in 
those two reports. Instead, I want to tell some of the stories that 
have developed from just 4 years of work under this act, and show 
how it has greatly strengthened our marketing work in all its phases. 
Some of these stories are nowhere near complete, but the first few 
chapters on some of them suggest interesting endings. 

One of these stories is about prolonging the useful life of fresh 
fruit and vegetables in retail markets. It is pretty generally known 
that in recent years marketing costs have eaten up about half of each 
dollar consumers spend for food. ‘The most costly step in the market- 
ing process is the retail sale. The widest margins en in retailing 
are traditionally in the handling of fresh fruits and vegetables. Im- 
provements in handling by producer and wholesaler have often not 
been reflected in the retailing of foodstuffs. We therefore directed 
one of the earliest RMA studies to this situation. Part of the job was 
to determine the merits of retailer training courses as a means of 
getting modern and efficient methods more widely applied. 

Industry had recognized the same problem and was making efforts 
to correct it, but neither facilities nor funds were adequate. Because 
of this background we decided that the most practical approach would 
be through a contract with a fruit and vegetable trade association that 
already had experience in this field. 

Under contract, more than 2,000 training classes have been held at 
more than 100 locations, and approximately 20,000 dealers and their 
employees have taken the 1-day course in better methods of handling 
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and displaying fruits and vegetables. So far we have reached only a 
small percentage of the re tailers, but the wide publicity given to this 
work is spreading its influence far beyond those reached in the classes. 

Effectiveness of this training course is shown by a survey of those 
who took it. Of those responding, more than 95 percent reported that 
adoption of the improved practices increased sales and reduced losses. 
Over 45 percent of the retailers renovated or remodeled their produce 
departments, and some went so far as to remodel their entire stores. 

Ne arly all the retailers adopted the recommended practices in trim- 
ming produce, in planning displays so as to take advantage of pleasing 
color contrasts 5, and in watering produce on display. Many other 
practices developed through research are being taught in the training 
schools and applied in the stores. In this way we expect to take a big 
slice off the $300,000,000 loss that retailers have to absorb annually 
because of spoilage and waste in fresh produce. 

Improving market facilities 

But the retail markets have no monopoly on waste and inefliciencies. 
Some of the large terminal markets in the big cities also have their 
share. Many of these market facilities were built more than 100 years 
ago, and it is not surprising that they do not fit today’s concepts of 
efficiency. They operate with horse-and-buggy efficiency in a jet- 
propulsion age. 

This problem was brought into focus by research in the thirties, and 
a beginning was made on ‘it. Our work is primarily an advisory serv- 
ice on planning the location, design, and operation of markets for 
fruits, vegetables, poultry, meats, and other foods. 

Our marketing specialists study the needs in a given city and pre- 
pare a detailed report, which amounts to a complete blueprint for 
building, financing, and operating a market. The plan explains what 
kinds and sizes of facilities are needed, the best locations for them, 
what they would cost, how they could be fin: unced, how they should be 
managed and oper rated, what the savings over present facilities would 
be, and an estimate of benefits to farmers, distributors, consumers, and 
the community at large. In accordance with these plans, new and 
modern markets have been built in several cities. One of these 
markets doubled its business in 1 year and had to increase its facilities 
again. Estimated savings for just one large market are $4,000,000 
a year. 

Requests for these plans come in faster than we can take care of 
them 

Application of engineering methods to increase efficiency is like- 
wise being extended to packing plants, warehouses, processing plants, 
and even wholesale and retail stores. Ben Franklin’s adage about 
taking care of the pennies is illustrated in a new check-out counter de- 
veloped by the Department for retail grocery stores. 

The usual check-out procedure in grocery stores takes care of about 
32 customers an hour. Using the new counter, eliminating some 
operations, and combining others, it is possible to take care of 44 
customers per hour. This is an increase of 38 percent in moving cus- 
tomers through the check-out bottleneck. 

This speed- up results in a worth-while reduction in labor costs, but 
even more important is the increased volume of business made possible. 
The new counter is covered by a public-service patent, which makes it 
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available to all stores, whether chain or independent. As it comes into 
wider use, it and other improvements in efficiency should result in 
reducing the spread between the price the farmer gets and that paid 
by the consumers. 

Another story deals with eggs. Americans like eggs for breakfast, 
and they like them fresh. All eggs rate top quality when laid, but 
unfortunately many are beginning to show signs of age by the time 
they reach the bres ukfast table. The reason for this is the long journey 
from the farmer’s gate to the city housewife’s frying pan. 

A study of egg marketing in the 12 North C éntral States and Ken- 
tucky has given exact information as to where the trouble lies. One- 
third of the eggs were below grade A in quality when delivered by 
producers. Between the country buying point and the carlot assembly 
plant, 1 egg out of 8 dropped to a lower grade. This fact and others 
brought out in the study emphasize the need for starting eggs to 
market at top quality, moving them faster, keeping them cool, and 
following other practices that maintain quality. 

Finding out what people want 

Sometimes our marketing research takes us to the farms or to 
country shipping points, as did the egg study. Other studies take us 
to city consumers, where scientifically selected groups are interviewed 
to find out what preferences and prejudices they have. Where do 
they buy?) What do they buy? Why do they buy it? Such informa- 
tion is useful not only to farmers, but to processors, retailers, and 
others interested in getting farm products used. 

A recent study of this type was concerned with how people make up 
their minds in deciding between different grades of wool in men’s 
suits, coats, and jackets. The findings were cf such practical value 
that the wool industry used them in an educational campaign. Other 
consumer-preference studies likewise have given useful and practical 
information. 

It is one thing to find out what people want, but sometimes it is quite 
another matter to provide it for them. We know that consumers want 
their fresh fruits and vegetables in farm-fresh condition. I have 
already pointed out how eggs deteriorate in the journey from farm 
to market. The same thing happens to many fruits and vegetables 
unless we keep on the job. 

Research on these crops in storage and on their way to market has 
taught us many ways to reduce losses and deliver an appetizing and 
nutritious product. The scald disease of apples, for example, was 
a costly plague to growers until science discovered that by wrapping 
apples in paper treated with odorless and tasteless miner: al oil, or by 
packing them in such paper in shredded form, the disease could be 
pre vented. 

Marketing costs for California orange growers have been greatly 
reduced by similar research. For years shipping regulations required 
the air vents of refrigerator cars to be closed as soon as the outside 
temperature reached 32° F. Under these conditions cars loaded with 
warm oranges had to be iced to prevent spoilage. Scientists found 
that icing was unnecessary during winter months if the air vents were 
left open while the trains passed over cool western mountains. Ship- 
ping regulations were revised, and the growers and consumers pocket 
the ice money. 
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Related research that is helping to reduce waste and inefficiency in 
marketing is concerned with shipping crates that carry produce with 
the least d: image in transit, with loading methods that reduce break- 
age, with precooling and other pr actices that maintain quality, and 
with methods of packing and handling fresh produce. A new type of 
crate developed for shipping lettuce ‘and carrots, for example, is ex- 
pected to save a large sum each year in refrigeration and loading costs 
alone, with additional savings through reduced damage to the produce 
during shipment. 


Who gets the consumer's dollar? 

Earlier in this report I spoke of the concern among farmers over the 
spread between the prices they got for their products and those the 
city consumer had to pay. This concern goes back at least a century 
and has been the subject of congressional interest and inquiry on 
many occasions. 

Previous to the passage of the Research and Marketing Act, the De- 
partment made many studies of price spreads between ‘producer er and 
consumer and had published this information widely. However, rela- 
tively little was done toward measuring the cost of specific marketing 
functions such as wholesaling, transportation, processing, and retail- 
ing. This type of research has been stressed since RMA funds became 
available, and several reports have already been published. 

Most of these studies are still in the preliminary stages, but substan- 
tial progress has been made toward determining the margins between 
cost and selling prices on bread and flour, apples, oranges, tomatoes, 
potatoes, eggs, broilers, meat, milk, cotton produc ts. and tobacco prod- 
ucts. A beginning has been made in determining the costs incurred 
by handlers and service agencies in marketing farm products. 

This research differs from much now going on in the Department 
in that we can present the facts but we have no machinery for correct 
ing unsatisfactory conditions. Nevertheless, it seems obvious to me 
that this whole area is one that needs exploration, and the first thing 
to do is get the facts. That is what we are doing. I feel sure that any 
glaring inefficiencies brought to light by these studies will be corrected 
by industry. Where they are not, we may assume that congressional 
interest. will find a way to express itself. However, we must keep in 
mind that consumers are demanding and getting more and more serv- 
ices. These services cost money, and account in some measure for a 
shrinkage of the percentage of the consumer’s dollar received by 
farmers. 

Cooperation with State de partme nts of ag) iculture 

Although much of our long-time marketing service work has been 
done in cooperation with State departments of agriculture, a new type 
of Federal-State marketing service work came into being with enact- 
ment of the Research’and Marketing Act of 1946. This work con- 
stitutes a program under which State departments of agriculture, with 
the cooperation of the Department, attack the major agricultural mar- 
keting service problems, of whatever nature, that confront the par- 
ticular States. 

The work has been divided into three broad categories: (1) Expand- 
ing market outlets for farm products through provision of special 
market information, such as data on local supplies and on markets 
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where they can be sold to advantage; (?) improving and expanding 
market information—basic data on supplies and quality of crops, grad- 
ing, and other marketing services; and (3) assistance to marketing 
agencies, such as local markets, ¢ cooperatives, : and similar organizations, 
in improving their operating efficiency. 

Work in this program is highly varied. A few examples will indi- 
cate its scope. 

One of the Southern States found that the quality of its cotton was 
suffering from defective ginning. A State specialist visited numerous 

cotton gins, suggested improvements in machinery practices, and aided 
in the selection of new equipment. Rough preparation of cotton in 
cooperating gins was reduced from 19 percent in 1947 to 4% percent 
in 1948, increasing the value of the cotton by more than $2 a bale. 

Producers of tomatoes in another area habitually brought their crop 
to market ungraded in field crates and received relatively low prices. 
Marketing specialists advised the growers to prepare a high-quality 
pack and showed them how to grade the tomatoes. Within a matter of 
days, the idea took hold, and prices for the crop rose sharply, in pro- 
portion to the improvement in quality and handling. 

A wheat State makes annual preharvest surveys, by counties, of the 
quantities and qualities of the grain to be harvested. These surveys 
provide guidance to growers as ‘to the prices they should receive and 
to buyers as to the areas where they can find the kinds and qualities 
of grain they want. 

Counts of fruit trees, by age groups, have been made in some States, 
to indicate the probable crop in future years as a guide to the best 
planting, production, and marketing practices. Growers of various 
kinds of berries, small fruits, and vegetables have been assisted in 
adopting proper grading and packing methods to preserve the quality 
of their crops and to meet the desires of consumers. 


Helping farmers to cooperate 

Our story of what research has done and is doing to improve market- 
ing would not be complete without some mention of cooperative mar- 
keting. The Department began work in this field in the early years 
of the century in connection with studies designed to improve the 
efficiency of fruit marketing. The first formal research eae 
cooperative handling and marketing of cotton—was begun in 1912 

When the Office of Markets was established in 1913, one of its prin- 
cipal responsibilities was to assist farmers in developing efficient. co- 
operative associations. With the rapid growth of cooperatives after 
World War I, the demand for such assistance was recognized in various 
research studies. In 1926 Congress further recognized the importance 
of this trend by passing the Cooperative Marketing Act which set up 
a special division to pr romote research and technical service for mar- 
keting and purchasing cooperatives. 

Many of the early co-ops failed because of shaky legal and fiscal 
foundations. Department research helped in both these fields. Some 

groups were advised how to proceed; others were advised not; to pro- 
ceed at all. Many of the young co-ops were having trouble with ac- 
counting procedures, and we were able to give them the kind of help 
they needed. 

Many years ago some of the cooperatives figured that if farmers 
benefit from working together in a small co-op, that groups of small 
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co-ops should also benefit from a similar banding together. Because 
of its wide experience, the Department has been able to help in this 
movement. ‘There are now many strong federations of local co- 
operatives. 

Further coordination of marketing by local cooperatives still is nec- 
essary in order to bring about the ‘standardization of products, in- 
creased volume, more effective salesmanship and sales promotion, and 
to reduce marketing costs. Part of the current work with dairy, fruit 
and vegetable, and livestock co- ops is directed toward this problem. 

Current emphasis is being directed toward increasing efliciency of 
operations through oper ating economies in the marketing and dis- 
tribution of feed, ain and processing of citrus fruits, operation 
of farmers’ elevators and cotton gins, and marketing of poultry and 
eggs. An indication of the possibilities i in this direction appears in 
the work with citrus, where it now seems likely that costs of harvest- 
ing may be reduced as much as $2,000,000 a year through developing 
facilities for handling the fruit in bulk rather than in field boxes. 

Department research in cooperative purchasing has been closely 
related to that in cooperative marketing because effective procure- 
ment of supplies is essential to efficient production and marketing. 
In fact, many farmers’ cooperatives engage in both activities. Studies 
of cooperative purchasing date back to 1912, but their importance has 
greatly increased as the bill for such farm supplies as feed, petroleum, 
fertilizer, insecticides, farm equipment, farm machinery, containers, 
and other packaging material has increased with the mechanization 
and commercialization of agriculture. 

Educational work in marketing 

Since its creation in 1914 the Extension Service has been the educa- 
tional arm of the Department, and the State extension services have 
carried on the out-of-school educational work of the land-grant col- 
leges. When this work began, the emphasis was almost entirely on 
production for the very good reason that most of the research was on 
production. 

Although the major efforts of extension workers have been given to 
production programs through the years, it would not be correct to 
assume that no attention was given to marketing. This field of work 
expanded until by 1938 more than a million farmers were assisted in 
their marketing problems by county and State extension workers. 
Emphasis has been largely on local needs and, in recent years, has in- 
cluded assistance to cooperatives having membership of more than 
2,000,000 farm families. 

Educational work in marketing has expanded greatly since passage 
of the Research and Marketing Act. This work is too new for us to 
expect revolutionary changes, but a few ex xamples will illustrate prog- 
ress to date and suggest possibilities for the future. All this work 
is cooperative with the States. 

In Mississippi livestock producers have customarily marketed two- 
thirds of their cattle in late summer and fall. Cattle sold there in 
March, April, and May bring an average of 7 cents a pound more than 
those sold in the fall. But to carr y them over the winter economically 
requires good winter pastures. ‘An educational program stressing 
better ps istures and spring marketing is already showing results. Ten 
times as many cattle were sold in the spring of 1950 as in the spring 
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of 1949. If only 10 percent of the yearly marketings could be switched 
from fall to spring, it would mean an increase in returns of more 
than $6,000,000 a year. 

Marketing educational work is directed to city consumers as well 
as to farmers. These programs have the double purpose of helping 
consumers choose economical foods for nourishing diets and at the 
same time helping producers to market foods that are abundant at 
the time. One method used in many States is to prepare buyers’ 
guides on foods and give them wide dissemination through organiza- 
tions, press, radio, television, and all other available means. 

Consumers who followed extension buying guides in the spring of 
1950 saved money by using less expensive cuts of meat, especially 
pork. ‘They also got some ood bargains in apples, cherries, and apri- 
cots in areas where these fruits were abundant. In each case the de- 
mand created by these educational efforts strengthened the market and 
gave farmers larger returns. 

The future of our educational work is limited only by the rate at 
which we acquire new knowledge through research and by our own 
ingenuity and imagination in presenting this new knowledge to the 
people of the United States. They have demonstrated their faith in 
research. They have shown over and over again their willingness to 
accept new ideas and better practices. If our efforts sometimes seem to 
be failing to get results, it is not the fault of those we serve; it is a 
challenge to us to do a better job. 


AGRICULTURAL HEADLINES—1839-1950 


Some of the important events in agricultural research and service 
in which the USDA or the State agricultural experiment stations have 
hada part. <A few of the dates are approximate. 


1839—$1,000 authorized for distributing seeds and collecting statistics. 
1856—Government establishes plant propagating garden. 
1859—Federal Government imports Italian honeybees. 
1862—United States Department of Agriculture established. 
1866—USDA collects data on crops and farm wages. 
1872—Colorado potato beetle controlled with paris green. 
1881—Plant diseases caused by bacteria. 
—Kerosene emulsion first practical contact spray for agricultural use. 
1883—Food studies reveal adulteration. 
1885—Grasshoppers killed with poison baits. 
1887—State agricultural experiment stations authorized in all States. 
1888—Scientists import beetle to control scale insect on citrus. 
1889—Sheep disease traced to worm parasite. 
1890—Babcock develops quick, simple test for butterfat. 
1891—United States to have national forests. 
1892—Scientists measure expenditure of energy by placing man in calorimeter. 
—Livestock industry saved by eradication of pleuropneumonia. 
1893—Ticks responsible for spread of Texas fever in cattle. 
1895—Value of legume inoculations demonstrated. 
1896—USDA publishes tables on food composition. 
—Many fruits must be cross-pollinated with other varieties. 
13897—Vaccine prevents blackleg disease in cattle. 
1898—First standards for processed foods established. 
—Soil classification and mapping begins. 
1899—Plants bred to resist disease. 
1900—Methods improved for pasteurizing milk. 
1901—Relation of housefly to human health pointed out. 
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1908—Cause of hog cholera discovered. 
—First wilt-resistant seed flax distributed. 
—USDA inaugurates farm management studies. 
1905—Insects spread plant diseases. 
—Ficht begins to control sheep and cattle scabies. 
1906—Meat inspection service protects consumers. 
—First cow-testing association organized. 
Pure food law enacted. 
—Congress increases funds for State station research. 
—First county agent appointed. 
1907—Research begins on soybeans. 
Hog-cholera serum used successfully. 
—Brown rot of peaches controlled with fungicide. 
1908—Egyptian cotton grown in United States. 
1909—Crested wheatgrass new forage crop for Great Plains. 
1910—Insecticide Act protects against adulteration and misbranding. 
1911—Crop rotations help control nematodes. 
—One-variety cotton area established. 
—USDA analyzes organization of farms for economic adjustment. 
1912—USDA recommends standards of quality for grain. 
—Monthly forecasts begin on crop production. 
—Ladino clover introduced in United States. 
Co-op marketing research begins. 
1913—Depleted ranges restored by deferred grazing. 
—USDA begins marketing studies. 
—First home demonstration agent appointed. 
1914—-Fixation of atmospheric nitrogen for fertilizer. 
—Official standards established for grading cotton. 
—Federal-State Cooperative Extension Service begins operation. 
“8 to 1” maturity standard established for oranges. 
—Farmers’ special credit needs analyzed. 
1915—Vitamin A discovered. 
—Market news service begins. 
-Improved shipping containers save millions annually. 
Hessian fly controlled by safe planting dates. 
Farmers’ special insurance needs analyzed. 
1916—Calcium arsenate effective against boll weevil. 
Cotton Futures Act prowides for uniform futures delivery contracts. 
Official standards established for grain. 
—United States Warehouse Act promotes orderly marketing. 
—Congress fixes standards for market containers. 
—Marketing work begins on Federal-State basis. 
1917—Improved terraces developed to control erosion of farm land. 
-Process for making phthalic anhydride launches United State vat-dye 
industry. 
Federal] inspection begins with fruit and vegetables. 
—Federal-State cooperation in crop reporting begins. 
1918—Barberry eradication begun to control stem rust of wheat. 
—Bud sports promise improvement in fruits. 
1919—Sanitation system controls swine roundworms. 
—Airplanes used to fight forest fires. 
1920—Day length controls flowering and seed production of many plants. 
—USDA broadcasts market news. 
—‘Farm population” first defined for use in United States census. 
—Farm leases improved. 
—Major United States land uses inventoried. 
921—Hybrid corn a commercial success. 
—Radio used in fighting forest fires. 
—Carbon tetrachloride controls hookworms in man and animals. 
—Publie stockyards regulated. 
1922—Grain futures trading regulated. 
—Shipping point inspection begun for fruits and vegetables. 
—Airplanes equipped for dusting cotton. 
—Vitamin D in cod liver oil prevents rickets in chicks. 
—Wright’s coefficient of inbreeding speeds improvement of livestock. 
—USDA analyzes supply-and-demand of agricultural commodities. 
—Farm family living standards measured. 
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1923—-Growers use ethylene to develop natural color of citrus fruit. 
—Annual agricultural outlook conferences begin. 
—Relative humidity of air an index to forest-fire danger. 
—New method of farm bookkeeping introduced. 
—Effects of heredity on growth and fertility of animals demonstrated. 
1924—-Korean lespedeza introduced. 
—Vitamin D added to milk by irradiation. 
—Index numbers established for prices paid and received by farmers. 
—Wood protected from insect injury by chemical treatments. 
—Semichemical pulping process developed. 
1925—Copper and iron combination in feeds saves thousands of baby pigs. 
—Cure of “alkali” cattle disease saves thousands of dollars in West. 
—New method developed for kiln drying hardwoods and softwoods. 
—Commodity situation reports begin. 
1926—Cooperative Marketing Act paves way for helping co-ops. 
—Vitamin A necessary in diets of farm animals. 
—New sugar beets resist curly top disease. 
1927—Advantages of cooking meat at moderate temperature demonstrated. 
—Steam distillation begins revolution in production of gum naval stores 
industry. 
—USDA recommends quality standards for fruits and vegetables. 
—4-H Clubs send representatives to first national camp. 
1928—National Farm and Home Hour broadcasts begin. 
—Experiments show value of forest cover for stable water supply. 
1929—Practical field test for pullorum disease reduces heavy losses of poultry. 
—Last of six foot-and-mouth disease outbreaks eradicated in United States. 
—Aerial photographs used in soil mapping. 
—New seed-cotton drier proves practical. 
—Tobacco Standards Act provides for official grades. 
—Erosion-control studies begin. 
1930—Perishable Agricultural Commodities Act suppresses unfair practices. 
—Weather studies aid crop forecasters. 
—Science of sampling improves crop reporting. 
—Mediterranean fruit fly eradicated from Florida. 
—New methods cut costs of planting forest trees. 
—Strain 19 vaccine prevents brucellosis in cattle. 
—First hybrid pine trees produced. . 
1931—Corn-hog ratio established. 
—Improved ranges reduce soil erosion in West. 
—Research shows role of endocrine glands in milk secretion. 
1932—“Fixed coppers” kill fungus diseases of vegetables. 
—Golden Cross Bantam sweet corn resists bacterial wilt. 
—Disease-resistant Katahdin potato released. 
—First hybrid hogs produced. 
1933—Close inbreeding reduces size, vigor, and reproduction rate in dairy cattle. 
—Dusts and sprays of rotenone control Mexican bean beetle. 
—Diet standards translated into family food plans. 
—USDA licenses stabilize milk market. 
—Export Apple and Pear Act protects market for American fruit. 
—Wet lands in South reclaimed by improved drainage methods. 
—Price-parity standard adopted. 
—Control of shipments of fruits and vegetables begins. 
1934—-Productivity ratings for soil types published. 
—Rutgers tomato introduced. 
—Egg quality is determined by inheritance. 
—Columbia sheep combines efficient wool and meat production. 
—Chemicals used to thin apple blossoms. 
—Thatcher wheat resistant to stem rust for hard red spring area. 
—First fire danger meter to determine potential size of fire job. 
1935—New planting equipment for sugar beets saves seed and labor. 
—Soil fumigation controls nematodes. 
—Milky disease controls Japanese beetle grubs in lawns. 
—Reseeding legumes aid erosion control in South. 
—First successful hybrid chickens produced. 
—Fertilizer studies show value of side placement. 
—Price spreads from farm to retail store analyzed. 








AGRICULTURAL RESEARCH AND RELATED SERVICES 41 


—Stressed-skin principle used in prefabricated-house construction. 
—Nation-wide proved-sire program begins. 
—Conservation farm plans boost farm income. 
—Vitamin E discovered. 
—Pine-gum cleaning continues improvement of gum naval stores production. 
—Use of fire favors natural reproduction of longleaf pine. 
—vVitamin K necessary for normal blood-clotting power in chicks. 
—Types of farming mapped for United States. 
—Water supplies forecast by snow measurements. 
—Needs for modernized market facilities analyzed. 
1936—Nematode-resistant grape introduced. 
—Bark beetles identified as carriers of Dutch-elm disease fungus. 
—Soil moisture at seeding time foretells wheat yields. 
—Radioactive isotopes used in plants and soils investigations. 
—Vitamin A requirements of dairy cattle established. 
—Commodity Exchange Administration established. 
—Concentrated sprays speed forest-insect control. 
—Atlas of American Agriculture published. 
ps —Nation-wide survey of “superior germ plasm” in plants and animals. 
—First comprehensive study of Nation’s range resources. 
—Parshall flume accurately measures irrigation waters. 
—Input-output studies in agriculture begun. 
1937—Wilting method of making grass silage developed. 
—Cheddar cheese made from pasteurized milk. 
—Insecticides found effective against European corn borer. 
2g, —Analysis of forest taxation gives basis for State and local policies. 
—Nicotinic acid, one of the B-vitamin group, isolated. 
—Bees resistant to American foulbrood developed. 
—Tracing bighead disease to poisonous plants aids sheep industry. 
—Marketing agreements assure minimum prices for milk. 
1988—Oil insecticide treatment controls corn earworm in sweet corn. 
—Stubble mulch culture conserves soil and water. 
—Proved-sire method of breeding superior dairy cattle demonstrated. 
—Phenothiazine removes internal parasites of livestock. 
—Reseeding crimson clovers developed. 
—Feeding minerals rich in phosphorous corrects abnormal conditions in 
cattle. 
—Reseeding opens wide opportunity for range improvement. 
—Tetrachloroparabenzoquinone discovered as a superior seed fungicide. 
—Method of making fiber from casein developed. 
—Bypassing sediment-laden runoff reduces sediment in reservoir. 
—Vitamin A requirements of human adults established. 
1939—First artificial-breeding association for dairy cattle organized. 
—Inauguration of farmer-opinion surveys. 
tle. —Accurate method of sizing children’s clothing developed. 
—USDA authorized to represent farmers before ICC. 
—Control methods developed to stop gully erosion. 
—Resins and coatings made from lactie acid. 
—Improved gluing techniques foster new laminating industry. 
—Growth regulators prevent dropping of fruits at harvest. 
—Protein synthesized from nonprotein nitrogen in stomach of cow. 
—Relation between vitamin A deficiency and blindness in cattle shown. 
—‘Salt sick” in Florida cattle corrected by feeding copper and iron. 
—Federal Seed Act regulates commerce in specified seeds. 
—Vegetative cover reclaims sand dunes and prevents wind erosion. 
—Barriers to trade in farm products analyzed. 
1940—Acid stimulates flow of gum from pine trees. 
—Production adjustment studies to determine wartime production poten- 
tials. 
—Wilt-resistant alfalfa released. 
—Combine-type sorghums become mass-production cash crop. 
—Beltsville Small White turkey introduced. 
—Erosion control increases crop yields. 
—Bovine TB reduced to less than half of 1 percent throughout United States. 
—Economic studies of farm technology provide basis of wartime expansion. 
—First use of parachute fire fighters in regular fire-fighting operations. 
78552—5 1—-vol. 1_—_—-4 
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1941—Cobalt deficie ney in cattle recognized. 


194 


—Women’s functional clothes designed. 

Liquefied-gas aerosols new method of dispersing insecticides. 
—Potato storage houses redesigned for greater efficiency. 
—Effective screwworm remedy developed. 

—Daily nutrition guide wins Nation-wide acceptance. 

—Udders of young calves foretell producing ability. 

—Cotton Testing Services Act provides for fiber and spinning tests. 
—Cancer-producing properties of 2-acetaminofluorene discovered. 





2—Wilt-resistant tobacco developed. 


—Scientists establish safe moisture limits in stored grain. 
—Lanthionine, new amino acid, isolated. 
—National and per capita food supply statistics compiled for war use. 


1943—Large-seale production of penicillin made possible by research. 


-Antibiotie streptomycin isolated from soil fungus. 
—DDT residual insecticide controls livestock, crop, and household pests. 
DDT controls typhus, malaria, and other insect-borne diseases. 
—Airplanes equipped for applying liquid insecticides, 
Adequacy of feed supplies measured, 
‘Soaps from inedible animal fats aid synthetic-rubber production. 
Costs of producing food nutrients measured. 


1944—New peanut sheller adapted to small farms. 


Citrus canker eradicated from United States. 
—First hybrid onion introduced. 
Plant-growth regulators kill weeds. 
Improved procedures developed for controlling shrubs on ranges. 
Vitamin A content of Nation’s butter supply determined. 
Sodium fluoride controls swine roundworms. 
Industry given means of recovering fruit-flavor essences. 
Improved methods of soybean analysis save millions for Government. 
Master sample provides improved basis of gathering agricultural sta- 


tistics, 


1945—Phony peach disease eradicated from seven States. 


-Inauguration of the annual Balance Sheet of Agriculture. 
—Moisture-fertility-stand balance is essential to high crop yields. 

New huller and pick-up machine for tung nuts. 

-Industrial alcohol made from wood waste. 

Hessian-fly-resistant wheat released. 

Phosphatase test detects underpasteurization of milk in dairy products. 
—Commercial production of frozen concentrated orange juice begins. 
—Comprehensive analysis of postwar prospects for agriculture. 


1946—Inauguration of consumer-preference surveys. 


—Scientists make home-canned foods safer and better. 
Organie phosphorus compounds introduced as insecticides. 
~Re d Sindhi cattle imported for developing heat-tolerant dairy cattle. 
~ —Rutia, new drug from buckwheat plants, used to treat weakened blood 
vessels. 
Research and Marketing Act enacted. 
-DDT found in milk of sprayed cows and those fed treated crops. 
Minnesota No. 1 new meat-type hog breed. 
—Vigo wheat disease-resistant variety for soft red winter area. 
Chemical weed killers used in production of cereal crops. 
Hamprace new meat-type hog breed. 
-Scientists learn how to remove lignin—indigestible ingredient of feeds, 
Characteristics of United States farms analyzed by size and economic class. 
—Rate of gain in beef cattle shown to be highly heritable. 


1947—New soybean glue used in more than half of United States shotgun shells. 


Retail training increases sales and reduces losses in fruits, vegetables. 
—National food supply, 1909-45, appraised nutritionally. 
Cross-breeding experiments with dairy cattle show promise. 
—Battle begins to eradicate foot-and-mouth disease from Mexico. 
—Hybrid corn resistant to corn borer released. 
—USDA “blueprints” terminal market facilities. 
—New test for cotton maturity aids cotton-textile industry. 
—Aerial sprays control forest insect pests. 
—Novel froth-flotation process for cleaning peas adopted by canners. 


—RMA contracts provide new approach to USDA research and service work. 


—First permissive consumer standards for fresh fruits and vegetables. 
—Consumer education started by State and Federal Extension Services, 
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1948—Filament spun from milk casein used in carburetor air filters, 
—Industrial production of new textile fiber from corn protein begins. 
—New synthetic rubber with high heat resistance made from milk sugar. 
—Chemicals cut cost of weed control in irrigation ditches by 90 percent. 
—New designs improve bulk drying of grains. 
—New mechanized sprayers and dusters improve corn-borer control. 
Plant-disease warning service begins in East. 
Citrus purees produced commercially. 
—Farm electrification economics appraised. 
Field-cured hay averages 25-percent loss in feed value. 
1949—Systemie insecticides promise new approach to insect control. 
Combine-type waxy sorghum good substitute for tapioca. 
Scientists measure effect of tire design on tractor efficiency. 
New lint cleaner removes fine trash from cotton. 
Milk a good source of vitamin By. 
Safe substitutes for DDT recommended to dairy farmers. 
Synthetic pyrethrum made in laboratory. 
Chlordane and toxaphene enable individual farmers to control grasshoppers. 
Fungal amylase lowers cost of producing industrial alcohol. 
Unknown growth factor for poultry identified as vitamin Bi. 
1950—Natural enemies of oriental fruitfly established in Hawaii. 
—Blister rust of white pine under control on 12,000,000 acres. 
—QOutbreak of deadly Asiatic Newcastle poultry disease eradicated. 
—~Reverse-cycle heat pumps installed in Kansas farmhouses. 
Parity prices for commodities modernized. 
Bactericidal radiation increases egg production 19 percent. 
—More seed of improved varieties results from Foundation Seed Program 
New vegetable shipping crates reduce losses. 
Improved grocery check-out counter developed. 
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Sureau of Animal Industry 
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Bureau of Dairy Industry 
Bureau of Entomology and Plant Quarantine 
Bureau of Human Nutrition and Home Economics 
Bureau of Plant Industry, Soils, and Agricultural 
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Office of Experiment Stations 

Bureau of Agricultural Economics 

Commodity Exchange Authority 

Extension Service 

Farm Credit Administration 

Forest Service 

Office of Foreign Agricultural Relations 

Office of Information 

Production and Marketing Administration 

Soil Conservation Service 
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a LIVESTOCK 


or 
Chapter 1—Part II 
ForEWORD 
ry 
As defined for the purpose of this report, “livestock” includes beef 
tea cattle, swine, dual-purpose cattle, and horses and mules. 


al The livestock activities are concerned with the feeding, breeding, 
and management of livestock, the protection of livestock from diseases 
and parasites, the processing and preservation of meats, and the prob- 
lems of marketing livestock. 

As noted from the table of contents, the material in this chapter falls 
under the three main headings: Production, utilization, and market- 
ing. At the end of each are cross references to project statements In 
other chapters which have some application to livestock. 
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A. PRODUCTION 


SwiNeE-BrEEDING INVESTIGATIONS 


(BAI—b-1-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods of breeding and selection that will result in 
improved meat-type hogs producing a high proportion of lean cuts 
of the carcass and lower yields of lard to meet present-day consumer 
demands. 

B. CURRENTLY ACTIVE LINE PROJECTS 


b—-1-2-5—Testing, under field conditions, the merit of inbred strains 
of swine developed at Beltsville. To determine the value of these 
strains for producing high-quality market hogs on the farm. 

b-1-2-7—Development of an inbred strain of Danish Landrace 
swine. To develop this strain for use in improving meat-type hogs. 

b—-1-2-8—Development of an inbred strain from crosses between the 
Danish Landrace and Duroc breeds. To develop a strain of hogs 
by the use of different intensities of inbreeding, that will possess a 
maximum of the desirable characteristics of the parent breeds. This 
statement applies also to projects b-1-2-9 through b-1-2-16. 

b-1-2-9— Development of a black inbred strain from crosses between 
the Danish Landrace and Poland China breeds. 

b-1-2-10-——Development of an inbred strain from crosses between 
the Danish Landrace and Chester White breeds. 

b-1-2-11—Development of a red inbred strain from crosses involv- 
ing the Danish Yorkshire, Duroc, Danish Landrace, and Hampshire 
breeds. 

b-1-2-12—-Development of a black inbred strain from crosses 
between the Danish Landrace and Large Black breeds. 

b-1-2-13—Development of a red inbred strain from crosses involv 
ing the Danish Landrace, Duroc, and Hampshire breeds. 

b-1-2-16—Development of an inbred strain from crosses between 
the Danish Landrace and Berkshire breeds. 

b-1-2-19—Development of a black strain and a red and black 
spotted strain from crosses between the Danish Landrace and Hamp- 
shire breeds. To develop inbred lines within each of the two strains 
of Landrace-Hampshire swine, so as to fix the desirable character- 
istics of these strains and to test their combining abilities in different 
crosses. 

b-1-2-20—Evaluation of inbred lines of swine in crosses with pure- 
breds. To determine how the various lines compare in general and 
specific combining ability; also to develop methods for improving 
swine stock for use under field conditions. 
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—s 


C. HISTORY AND EVOLUTION OF THIS WORK 


At the beginning of the present century, the lard-type breeds of 
hogs predominated in this country, and surplus lard and pork products 
found ready markets abroad. As the United States gradually lost 
its foreign trade in lard, there were periods in the 20’s and 30’s when 
the lard surplus acted as a depressing factor on the price of hogs. 
Competition of vegetable fats and oils with lard further compli- 
cated the situation for the swine producer. The research program 
of this project had its origin in 1918, when purebred animals of 
six breeds were bought for the Beltsville farm for research studies 
to evaluate prolificacy, vigor of pigs, growth rate, efficiency of feed 
utilization, and carcass quality. Beginning in 1927, to produce a 
more desirable meat-type animal to meet changing consumer demands, 
emphasis was placed on the study of swine type as related to carcass 
quality. Since 1934, when the Department imported purebred Land- 
race hogs from Denmark, the swine-research program at Beltsville 
and cooperating State agricultural experiment stations has been con- 
cerned with the development of inbred strains of meat-type hogs 
from the crossbred foundation of the Danish Landrace crossed with 
various other pure breeds of hogs. These strains, which yield a high 
percentage of the more valuable lean cuts of meat and less lard, are 
already pointing the way to the type of hog that best meets consumer 
demand for a high quality carcass. 


D. FUNDS—-ANNUAL EXPENDITURES 


With the breeding studies financed from funds covering work on 
several lines of research with swine, estimates for early years are difli- 
cult to obtain. Direct expenditures for all swine husbandry investi- 
gations ranged from $67,200 in 1923 to $45,200 in 1934, and averaged 
slightly over $55,000 annually. During this period there were expend- 
itures for three projects (maintenance of station at Beltsville and 
fundamental research on animal genetics and nutrition) for which 
no basis for distribution is available now. The average expenditure 
for these three projects from 1923 to 1934 was about $92,000 annually. 
The direct costs for swine breeding research ranged from $55,800 
in 1935 to $83,900 in 1943. Expenditures for this work varied from 
$86,300 in 1944 to $125,200 for the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The comparative value of mature sows and gilts for producing mar- 
ket hogs.—In experiments over an 8-year period, results consistently 
showed that pigs can be raised to a market weight of approximately 
225 pounds more economically when farrowed by gilts, or immature 
sows, than when produced by mature sows. Gilts required less feed 
during pregnancy, and their pigs made more economical gains during 
the suckling and fattening periods. Furthermore, pigs farrowed by 
gilts from mature sows were raised to a market weight at a feed cost 
of 47 cents per 100 pounds less than pigs produced by mature sows. 
Pigs out of gilts that in turn were produced from gilts were raised 
to market weight at a feed cost of 42 cents per 100 pounds less than 
pigs produced by mature sows. As a result, many producers have 
put their breeding herds on a gilt basis, thereby getting greater 
financial returns by marketing the gilts, shortly after their pigs 








7 oe Ly 


“_-_ 





LIVESTOCK o3 


have been weaned, at prices comparable to those for slaughter hogs. 
It is estimated that the greater yearly returns to swine producers 
using these methods may be as much as $500,000. 

Utilization of hybrid vigor in marke it hog production.—Single 
crosses between six inbred lines of swine deevloped at Beltsville 
have shown that viability and rate of growth tends to be considerably 
higher among crosses than among inbreds, In tests conducted in two 


seasons, crosses excelled inbreds by 1 -2 pigs per litter or 14 percent at 
birth, by 1.7 pigs or 27 percent at 21 days of age and by 1.7 pigs or 


29 percent at 56 chal In — idual pig w eight, differences in favor 
of crosses were 0.7 pound or 7 percent at 21 days, 3.5 — or 13 
percent at 56 days, 4.6 pounds or 6 percent at 98 days, and 7.3 pound: 
or 5 percent at 140 days. These results suggest that crosses ‘tice 
carefully selected inbred lines are an important tool in utilizing the 
advantages of hybrid vigor in market- hog production. 

Influence of type of hog on production efficiency was found t 
greatest in the intermediate type. In general these hogs are su- 
perior to those of small or large type from the sti indpoint of the 
swine producer. Small-type hogs are less efficient in general per- 
formance, even when slaughtered at approximately 150 pounds, than 
those of the other two types. To attain the proper finish to be 
graded as Choice carcasses, large-type hogs must be fed to weights 
of more than 225 pounds, under good conditions of feeding and 
management. 

New inbred whan of meat-ty pe hogs 2 WET de veloped by CTOSSING 
Danish Landrace with American breeds, by using various methods 
of breeding, Ssliined with selection for economically important 
characters. The new strains are prolific, reach market weight at 514 
to 7 months of age, and require about 360 pounds of feed per 100 
pounds of gain from weaning to approximately 225 pounds of 5 eight. 
They produce carcasses of which about 50 percent of the slaughter 
weight is that of the five primary cuts—trimmed hams, loins, bs icons 
picnic shoulders, and shoulder butts. As a result of research, the 
meat-type hog is now a reality, but it can be made to produce com- 
paratively large quantities of lard, if desired. By an increase in live 
weight from 200 to 250 pounds, the percentage increase in lard is as 
much as 60 percent. Therefore, the meat-type hog properly handled 
can be utilized for any emergency. Today some packers are paying 
producers 50 cents to a dollar a head, or about $10,000,000 a year, 
ae for meat-type hogs than for other types. 


F. SOME ADDITIONAL WORK NEEDED 


De velopme net of breeding plans to improve efficic ney of hog pro- 
duction —Evidence is accumulating that controllea crosses of inbred 
lines, by introducing hybrid vigor, improves the performance of 
hogs beyond levels attainable by the usual procedure of outbred 
line breeding. Therefore, the development and testing of oe 
plans that are likely to result in maximum hybrid vigor should be 
accelerated. A breeding plan, the practical consequences of which 
need to be carefully evaluated in this connection, is a progr am of 
recurrent selection of inbred lines for specific combining ability such 
as is now being tested by several experiment stations in corn breed- 
ing research. As inbred lines of swine are developed, they must 
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be thoroughly tested for combining ability with other inbreds and 
with outbreds, it is on the basis of such tests that recurrent selection 
offers the greatest oportunity for increasing performance. 

Di velopme nt of methods and ex perimental designs to clarify the 
causes of hybrid vigor—Hybrid vigor, according to one theory, in- 
volves the action of dominant favorable genes—elements of the germ 
cells concerned with the determination of hereditary characters—and 
according to another more recent theory, overdominance of these 
genes. As both types of gene action may well play a part, a better 
underst: inding of the relative importance of each is exceedingly 
desirable. This not only may help to explain the failure of mass 
selection under random breeding to bring about expected improve- 
ment in performance, but also should lead to the development of 
more efficient breeding systems. 
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Horse ANd Jack Srockx Breeping INVESTIGATIONS 
(BAI—b-3—5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) perpetuate and improve the Morgan breed of horses; to de- 
velop production and management practices that will be of economic 
and practical value to breeders of other light type horses; (2) to 
improve ass stock and mule production; and (3) to study the use of 
art ee ial insemination with jack stock. Current work deals with tests 
of systems of breeding, feeding, and management, line-breeding to 
emai and concentrate the most desirable blood lines, and deter- 
mination of progress through use of periodic scoring and performance 
tests. 





B. CURRENTLY ACTIVE LINE PROJECTS 


b-3-5-5—Improvement of horses through line-breeding and selec- 
tion: development of measures of performance; and determination of 
important traits in horses. In the breeding of light utility horses, to 
oe e the best available stock of the Mor: gan breed through a line- 
breeding program, which includes performance tests in harness and 
under saddle and determination of heritability of desirable and un- 
desirable traits. 

b-3-5-6—Improvement of jack stock through breeding methods 
and progeny testing. To improve the general quality of ass stock by 
adoption, of selective breeding methods; to test the ability of various 
types of jacks to produce good mules when mated to mares of different 
types and breeding; and to study the blood picture of jacks, jennets, 
mares, and their offspring to determine the heritability of desirable 
traits and characteristics, 

b3—-5-7—Arrtificial insemination with jack semen. To study the 
reliability of different laboratory techniques in the processing and 
storage of jack semen and to ascertain the conditions necessary for 
successful nesaiinadien in the field with the use of stored semen. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Half a century ago, the horse furnished most of the transportation 
power for America on farms, in cities, and on the spreading western 
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ranges. He was still the most important domestic animal in the Na- 
tion and on his stamina, strength, and speed depended much of the 
country’s economy. Proper breeding, feeding, and care of such an 
animal was an essential part. of early animal- husbandry studies by 
the Bureau, particularly since a public demand grew for a general- 
purpose or so-called Rawal utility horse. The first horse-breeding 
project was begun in 1904 at Fort Collins, Colo., where efforts were 
made to produc e an animal adapted to range conditions. ‘Two years 
later, on the other side of the continent at Burlington, Vt., studies were 
begun on the conservation and perpetuation of the Morgan horse, one 
of the few truly American breeds of domestic livestock. The western 
station was transferred to Buffalo, Wyo., in 1919 and shortly after- 
ward to Laramie, Wyo., where it was continued until 1926. In that 
year, the breeding stock was sent to the newly established United 
States range livestock e xperiment station in Miles City, Mont. Mean- 
while, in 1907, the Vermont station had been given impetus by the 
donation to the Department of a 435-acre farm near Middlebury by) 
Col. Joseph Battell. 

This tract was the beginning of the United States Morgan horse 
farm, which subsequently has been enlarged to about 1,000 acres. 
Early objectives were rane seer of Morgan horses for use both in 
harness and saddle, but with the passing of the horse-and-bug 
period emphasis has centered on adapting and improving them for 
saddle purposes. During the years, the horse-breeding project has 
been of aid to the military service in helping to develop suitable cav 
alry and light artillery horses when such means of transportation was 
used, and has helped maintain high quality in work stock. With the 
advent of artificial insemination in the breeding field, studies of meth- 
ods of producing good jack stock have included research on these 
processes as applied in field use. 


D. FUNDS-——-ANNUAL EXPENDITURES 


With breeding studies financed from funds covering work on sev- 
eral lines of research with horses and mules, estimates for early years 
are difficult to obtain. Direct expenditures for all horse and mule 
husbandry investigations varied from about $40,000 in 1925 to about 
$25,000 in 1934 and averaged slightly over $37,000 annually. During 
this period there were expenditures for three projects (maintenance 
of station at Beltsville and fundamental research on animal genetics 
and nutrition) for which no basis for distribution is available now. 
The average expenditure for these three projects from 1923 to 1934 
oa about $92,000 annually. The direct costs for horse and mule hus- 

bandry investigations varied from about $33,000 in 1935 to about 
$40,000 in 1943. Expenditures for breeding work ranged from about 
$24,000 in 1944 to $38,100 for the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Perpetuation of the Morgan horse. —Improvement and perpetuation 
of the Morgan breed may be credited to the United States Morgan 
horse farm. For more than 40 years horses raised at the farm have 
performed creditably in many contests, rides, and exhibitions designed 
to test breed merit, endurance, and performance, and this farm has 


en 


: 
7 
i 
k 
i 


ici EN halle alia aca alae eae aE 





es cha es 5 et ee 





56 AGRICULTURAL RESEARCH AND RELATED SERVICES 


long served as one of the most important supply sources for Morgans. 
Dissemination of seed stock from this valuable “nursery” has been 
practically world-wide. There are few Morgan stud farms in this 
country that do not own animals produced by the Department’s farm 
or do not have horses that carry the blood lines of stock that has been 
bred and raised there. 

Determining relation of time of service with duration of pregnancy 
in the Morgan horse.—Determination of the correlation of period of 
pregnancy with time of service showed that mares bred early in the 
season have the longest gestation periods. This important manage- 
ment factor serves as a guide to the horse breeder in preparing to care 
for foals. 

Obtaining superior horses through cross-breeding —Experimental 
outcrosses between the Morgan and American Saddle horse at Middle- 
bury produced several animals of excellent riding-type conformation. 
At least one stallion obtained from such crosses sired stock of superior 
quality when mated back to Morgan mares. These results are valu- 
able as a guide in the planning of matings of breeding stock. 

Obtaining better than average fertility in Morgan horses.—The 
average rate of reproduction for mare stock in the United States is 

said to be approximately 50 percent. Breeding and reproduction ree- 

ords for 223 mares at the United States Morgan horse farm during a 
10-year period, however, showed an average fertility of 67.3 percent 
in these horses. Fertility was highest among the mares in the 
medium-age group. 

Development of a rapid test for determining pregnancy in mares.— 

This test saves both the time and expense of having mares rebred. 

Discovery that natural and artificial breeding re sults are practically 
the same.—Tests during a 15-year period showed that natural and 
artificial methods of breeding have about the same results with respect 
to the fertility of the mares, and sex of foals. 


F. SOME ADDITIONAL WORK NEEDED 


Development of a lighter weight, handier, more active type of farm 
work horse suitable to supply power needs on the farm. There still is 
a demand for superior utility-type work stock in many sections of the 
United States. To meet this requirement and to supply mares that 
might be suitable for better mule production, experimental studies in 
cross-breeding light and draft-type horses should be conducted. 

Performance studies with draft-type horses should be conducted to 
develop a system of testing similar to the one now used by the Bureau 
with saddle-type horses at Middlebury. Such studies would aid in 
determining the tractive pull of horses on common farm implements, 
their working speed, daily work accomplishment, endurance, fatigue 
levels, and the ability to withstand overload and other adverse 
conditions. 

Finding the reproductive capacity, fecundity failures, and related 
phenomena in stallions and jacks.—Lowered fertility and inadequate 
reproductive ability in horses and mules are not always due to the 
mares. E xperiments indicate that there are many variations in the 
fecundity of sires. Evidence is needed to find the soncifis causes of 
such failures and thus save horse breeders unnecessary expense. 
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Determination of the effects of heredity, management, and nutri- 
tion on the occurrence and transmission of some of the common un- 
soundnesses of horses, particularly curb, sidebones, ringbone, spavin, 
splints, roaring, and heaves. In every field where horses are utilized, 
thousands of animals are either partly or seriously incapacitated 
annually by some unsoundness. Little is known regarding the causes 
of these conditions, but the economic losses suffered by the owners are 
enormous. Intensive research on the problem is needed. 


Berr-Catrrie Breepine 
(BAI—b-4-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and establish lines of purebred beef cattle and crossbred 
or hybrid types, particularly adapted to both farm and range condi- 
tions, that will make rapid and efficient gains, have high fertility and 
good nursing ability in the females, long span of life, good carcass 
quality, and desirable type and conform: ition. Current work is par- 
ticularly concerned in determining the heritability of important 
traits, and practical methods of using such factors as hybrid vigor, 
that will aid in developing superior lines of cattle. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-4-1- 1—Development of crossbred beef cattle for the Gulf coasi 
region. ‘To develop, from crossbred foundations, types that possess 
a high degree of inherent adaptability to the hot humid climate, types 
of forage, and diseases of the Gulf coast region, and animals that will 
satisfactorily meet the local market demands. 

b-4+-1-3—-Testing methods of measuring performance in beef cattle 
under farm and range conditions. To develop and test methods of 
measuring breeding performance in beef cattle and adapting them to 
practical use. 

b4—1-4—-Development of superior strains within breeds. To de- 
velop through progeny testing and other record of performance pro- 
cedure a strain of Shorthorn cattle inherently superior in rapid and 
efficient gains and high carcass quality. 

b—-1-5—Measuring adapt ability of crossbred types of beef cattle 
for the Gulf coast region. To study adaptability of crossbred types 
of beef cattle to the varying conditions of sunlight, shade, tempera- 
tures, and relative humidity of the Gulf coast region and methods of 
measuring the response of the animals. 

b4-1-6—Development of superior strains of Hereford cattle. To 
develop superior strains of Hereford cattle, under range conditions, 
that will be highly adaptable to the northern Great Plains as measured 
by ability to use the native vegetation efficiently, and produce offspring 
Ce apable of making rapid and “eflicient feed-lot gains and of converting 
feeds into high- quality beef. 

b4-1-8—Testing progeny of sires under range conditions. To 
measure the br eeding ability of sires through testing of progeny, and 
to measure such performance factors as effici ency and rate of gain and 
quality of carcass in beef cattle handled under range conditions. 
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b-4-1-9—Progeny testing of Polled Hereford bulls. To test Polled 
Hereford bulls through progeny performance with respect to uni- 
formity of calf crop, rapidity of gain, and efficiency of feed 
utilization. 
C. HISTORY AND EVOLUTION OF THIS WORK 


Beef-cattle breeding investigations were first provided for by Con- 
gress in 1905. One of the first projects, begun in 1906 on a number of 
farms in the Middle West, was a study of the breeding of Shorthorn 
cattle to determine the relationships between milk production and 
meat production. This problem is still being studied, although now 
it is a part of dual-purpose cattle investigations. Some of the early 
work in breeding beef cattle dealt with the introduction of purebreds, 
particularly in the South, and demonstrations of the value of grading 
up native cattle by the use of purebred sires. 

Cross breeding of strains, breeds, and species of cattle to produce 
animals better adapted to various sections of the country and different 
conditions was begun as early as 1916, when Brahman cattle were 
crossed with cattle of European origin to produce animals better 
adapted to the Gulf coast region. Cross breeding has remained one 
of the important phases of breeding investigations in the Bureau of 
Animal Industry. In 1931, progeny testing was begun. The off- 
spring of various sires and matings were handled comparably so that 
a more accurate evaluation of the breeding stock could be made. 
This work led to statistical studies of the variation among the progeny 
of different sires for important characters and recently to the estima- 
tion of the heritability of these characters. With the background of 
information obtained, investigations are now under way to study other 
breeding plans and types of selection, namely, inbreeding and recom- 
bination of inbred lines, brother-and-sister and family testing, use of 
hybrid vigor, and the adaptability of the most desirable method to 
practical beef production. 


D. FUNDS——ANNUAL EXPENDITURES 


With breeding studies financed from funds covering work on several 
lines of research with beef and dual-purpose cattle, estimates in early 
years are difficult to obtain. Direct expenditures for all beef and 
dual-purpose cattle husbandry investigations varied from about 
$48,000 in 1923 to about $165,000 in 1934 and averaged about $127,000 
annually. In addition, during this period there were expenditures 
for three projects (maintenance of station at Beltsville and funda- 
mental research on animal genetics and nutrition), part of which were 
applicable to this project but for which no basis for distribution is 
available now. ‘The average expenditures for those three projects 
from 1923 to 1934 was about $92,000 annually. The direct cost for 
beef-cattle breeding investigations varied from about $77,000 in 1935 
to about $97,000 in 1948, Expenditures for this project ranged from 
about $100,000 in 1944 to $144,500 in 1950, 

From 1915 to 1937 special funds were provided for experiments and 
demonstrations in livestock production in southern United States, 
part of which was for beef-cattle husbandry investigations. In 1937 
when these special funds were merged with the regular appropriation 
about $20,000 of the special funds was being spent for beef-cattle work. 
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led In addition, an average of about $11,000 was available annually from 
‘eed the special research fund from 1936 to 1947 for studies on phy siology 
of reproduction. 
F. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
yon Improvement of southern livestock by the use of purebred sires.— 
r of Following the eradication of the cattle tick, the Department intro- 
orn duced purebred ¢ ‘rattle into the South, demonstrated the value of 
and grading up native stock by using purebred sires, and campaigned 
how against the use of scrub sires. The South has since witnessed a 
arly remarkable i improvement in beef cattle, and scrub sires now comprise 
eds, a relatively small proportion of the beef-type bull stock. 
ling Demonstration of the value of crossing Brahman cattle with those 
of European origin for beef production in the Gulf coast region — 
luce . The Department has shown that hybrids possessing Brahman breeding 
rent have markedly more vigor and adapt ibility to Gulf coast conditions 
vere : than cattle with no Brahman blood. The’ gain is not only obtained 
tter in the first-cross animals but also in their calves. As a result of this 
one finding, the Southern States are increasing their herds of these hybrids. 
u of A decrease in vigor and segregation of undesirable types in later 
off- ‘ generations has been found. Consequently, most commercial pro- 
that 4 ducers do not go beyond the production of the first-cross females. 
ade. Dete rmination of the value of progeny testing in beef cattle—The 
seny Bureau has found repeatedly that bulls which appeared equally good 
ma- physic ally did not transmit good qualities equally well to their’ off- 
d of spring, but that by use of a progeny test in which the offspring were 
ther } raised under comparable conditions it was possible to identify the 
om- ‘ superior sires. A recent improvement in the determination of the 
e of ; breeding worth of animals that permits faster progress than the 
d to longer and more expensive progeny tests is the use of brother and 
_ sister comparisons and tests of individual performance. As yet, these 
last-mentioned tests are used only in research work but prospec ‘ts are 
that they will eventually be used on farms and ranches. 
+e Demonstration of the value of a rotational cross- breeding program 
eral for the northern Great Plains —Crossing Shorthorn bulls with Here- 
arly ford cows, then an Aberdeen Angus bull ‘with the Shorthorn-Hereford 
= heifers, and finally a Hereford bull with the Angus-Shorthorn-Here- 
so ford heifers maintained hybrid vigor in the progeny and in general 
vad the crossbred steers weighed more at any age, gained more rapidly in 
— the feedlot, had a higher final weight, and sold for more per pound 
nda- than purebred Her eford steers raised under the same conditions. The 
cn crossbred females made excellent range mothers and had higher per- 
= ce . age calf crops than the Hereford cows. 
jects se efulne ss of artificial insemination in beef cattle-—In experiments 
ae by ‘a Bureau, 80-percent calf crops were obtained from the artificial 
mete insemination of several hundred cows. These calf crops were better 
rom than those obtained on the range by natural breeding in the same 
period. The data show the possibility of widely disseminating the 
and germ plasm of proved sires and of testing quickly the breeding value 
ates, ofasire. The practice is coming into increasing use on ranches and 
193% farms. 
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F. SOME ADDITIONAL WORK NEEDED 


Value of inbred lines and recombinations of inbred lines within 
the present pure breeds of beef cattle to produce superior strains. 
No inbred lines have been developed within some of the beef-cattle 
breeds. Tests should be made for possible superiority to present 
stock. This would afford further opportunity for testing hybrid 
combinations. 

Much more needs to be done and, particularly with regard to in- 
herited factors involved, in overcoming sterility and low reproductive 
rates in cattle. 

Breeding methods for eliminating or dealing with undesirable char- 
acters in cattle—The value of the individual animal is so high and the 
rate of reproduction so low that they offer special problems in dealing 
with characters like dwarfism, cancer eye, white heifer disease, and 
abnormally low milk production. These hereditary defects currently 
lead to material economic losses to cattlemen which could be avoided 
if means of eliminating them can be found. 

Nature and measurement of characters being selected in the breeding 
programs and the relation of other characters to them.—lIt is difficult 
to plan sound breeding programs until such information is available. 
For example, selection of one character, such as gain from birth to 
weaning, automatically selects all characters related to it such as fac- 
tors for vigor and growth in the calf, milk production in the dam, 
and the size and age of the dam. In other words, we need to know 
which characteristics go together and which are separate from an 
inheritance point of view. 


Duat-Purpose Carrie BREEDING 
(BAI—b-5—-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop lines of dual-purpose cattle that will breed true for 
eflicient production of both beef and milk, and will transmit to their 
progeny the following characteristics: (1) A mature basic annual milk 
production of at least 8,000 pounds, (2) long-time production, (3) 
‘apid and economical gains, (4) high fertility in females, (5) desirable 
type and conformation, (6) carcass quality, and (7) a high dressing 
percentage. 'To develop superior strains of dual-purpose cattle adapt- 
able to specific areas. A rotational breeding program is underway in 
the current work and record-of-performance and progeny tests are 
being conducted. Emphasis is being given to the development of 
superior strains of dual-purpose Red Poll and Shorthorn cattle that 
will have high meat and milk production. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-5-1-7—Development of a superior strain of Red Poll cattle adapt- 
able to environmental conditions of southeastern United States. To 
develop through progeny testing a superior line of dual-purpose Red 
Poll cattle that will breed true for those characteristics responsible for 
rapidity of growth and efficiency of beef and milk production, high 
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fertility, longevity, and adaptability to the environmental conditions 
of southeastern United States. 

b-5—-1-8—Development of superior strains of Milking Shorthorns 
for greater efficiency in the production of both beef and milk. To de- 
velop superior strains of dual-purpose cattle for greater efficiency in 
high-quality production through the application of methods for meas- 
uring performance of dual-purpose cattle. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Need for development of new sources and stabilization of income for 
“general utility” or diversified farmers who maintain small herds of 
cattle led to the study of usefulness of dual-purpose cattle. Numbers 
of these farmers in a North Central State offered to keep a type of cow 
that would be a fairly good milk producer and also have calves that 
inight be fattened for beef, thus providing a dual source of income. 
With this cooperation, the Bureau started research in 1906 to develop 
a suitable dual-purpose animal. First experiments were conducted 
with Shorthorns that had been bred primarily for beef production. 
They were discontinued in 1912 but started again in 1915 in another 
State and continued until 1924. Encouraged by the results obtained, 
the Bureau began, in 1925, to establish herds for breeding strictly dual- 
purpose cattle in the eastern, northeastern, southeastern, and middle 
western sections of the country. Some of these, operated with the co- 
operation of State experiment stations, were discontinued but a num- 
ber are still being maintained and in recent years some cooperative 
work has been done with private breeders. To aid in the improvement 
of these private herds, dual-purpose Shorthorn sires have been loaned 
to breeders and to groups handling artificial insemination. The 
breeders have also bought surplus bull calves from experimental herds. 
In 1930, additional foundation stock was obtained from various parts 
of the United States, Canada, and England. Body measurement 
studies as an aid to the breeding program were started in 1931. About 
that same time, record-of-performance and progeny testing were begun 
as a part of a definite breeding program, and are still in progress. 
For several generations the herd at the agricultural research center 
was closed to outside breeding and only proved sires were used in the 
top herd. Comparisons have thus been possible between the offspring 
of some of the foundation bulls, their sons, and grandsons. 


D. FUNDS—-ANNUAL EXPENDITURES 


With breeding studies financed from funds covering work on several 
lines of research with beef and dual- -purpose cattle, estimates in early 
years are difficult to obtain. Direct expenditures for all beef and du: al- 
purpose cattle husbandry investigations varied from about $48,000 in 
1923 to about $165,000 in 1934 and averaged about $127,000 annually. 
In addition, during this es there were expenditures for three proj- 
ects (maintenance of station at Beltsville and fundamental research 
on animal genetics and nutrition), part of which were applicable to 
this project but for which no basis for distribution is available now. 
The average expenditure for those three projects from 1923 to 1934 
was about $92,000 annually. The direct cost for dual- purpose cattle 
breeding investigations varied from about $44,000 in 1935 to about 
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$51,000 in 1943. Expenditures for this project ranged from about 
$50,000 in 1944 to $74,300 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination that by selective breeding Milking Shorthorn cows 
attain creditable milk production—Many of them now have made 
advanced registry records. One cow in an experimental herd made 
13,912 pounds of milk and 602 pounds of fat in one lactation. Several 
cows in the different herds on twice-a-day milking reached 10,000 
pounds of milk and 400 pounds of fat, records that are high even for 
dairy cattle. 

Demonstration that Milking Shorthorn steers as beef animals com- 
pare favorably with beef Shorthorn steers.—Tests showed the Milking 
Shorthorns to be rangier in conformation but they were found to grow 
faster from birth to weaning and to grow practically as fast and effi- 
ciently from weaning to slaughter at 900 pounds a finished as 
haby beef, as the beef “Shorthorn steers. Their carcasses were not of as 
high a grade as the beef Shorthorns at 900 pounds but the beef was of 
good quality. 

F. SOME ADDITIONAL WORK NEEDED 


lo determine means of greater breeding progress.—Research 1} 
needed on effectiveness of carrying steers to older ages before ih 
ter, and on different feeding methods for developing animals that y ield 
nore suitable beef carcasses. 

Improved techniques for determination of effects of heritability on 
both beef and milk production are needed.—Use of criteria established 
for beef cattle and for dairy cattle has not produced required results 
for dual-purpose cattle. If heritable traits can be determined through 
such techniques, a greater proportion of offspring can be developed to 
have the truly dual-purpose attributes. 

Determination of the relations of type and conformation to milk and 
beef production.—\t is important to ascertain how closely accepted 
standards must be followed in the production of animals that have the 
combined properties of high-quality beef and milk capacity. 


IMPROVEMENT OF SwINe TuorouGHu BREEDING 
(BAI—SRF-3-5—Federal—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) discover, develop, and test procedures of selection and breed- 
ing to produce improved “seed stock” of hogs that will be suitable for 
breeding or for market; (2) study the usefulness of inbred lines 
for improving the breeding value of purebreds and for the production 
of pork; (3) obtain more knowledge of the genetic effects of inbreed- 
ing and the inheritance of economic characters in swine; and (4) show 
how such knowledge can be applied in swine breeding. Current work 
is especially concerned with tests of systems of breeding, methods of 
selection, heritability of various characters, productivity of sows, and 
desirability of carcasses. 
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out 5 B. CURRENTLY ACTIVE LINE PROJECTS 
Projects in cooperation with 11 State experiment stations to find 
' systems of selective breeding that will improve swine for both the 
breeder and the producer of market hogs are in progress. Each station 
we is concentrating on some individual phase of the program, such as ex- 
ide periments with specific strains. Intensive inbreeding, moderate in- 
ide breeding, tests of inbred sires, and application of breeding methods 
ral under farm conditions are receiving attention. 
OU 114.5 (Illinois) —Breeding within the Hampshire breed. 
for 155.11 (Indiana)—Moderate inbreeding within the Chester White 
breed; moderate inbreeding in a herd originating from a cross of the 
an Duroc and the Landrace breeds; testing of inbred sires, when such 
Ing sires become available. 
‘OW 116.4 (lowa)—Moderate inbreeding within the Poland China and 
offi- the Danish Landrace breeds. 
ae 124.6 (Minnesota)—Intense inbreeding within the Poland China 
fas breed and within crossbred strains. 
3 of 126.17 (Missouri)—Moderate inbreeding within the Poland China 
and Hampshire breeds. 
128.9 (Nebraska )—Moderate inbreeding within the Duroc breed. 
137.3 (Oklahoma)—Moderate inbreeding within the Duroc breed. 
se ; 145.8 (South Dakota)—Improving swine through the application 
‘eld s 6 oof breeding methods. eae 
4 154.7 (Wisconsin)—Improving swine through the application of 
rie ; breeding methods. 
9 C. HISTORY AND EVOLUTION OF THIS WORK 
ugh For many years farmers have made extensive use, for market-hog 
1 to production, of crosses involving two or more breeds because of the hy- 
brid vigor obtained. The achievements with inbred lines of corn, and 
and the rapid spread of the use of hybrid corn grown from favorable com- 
ted binations of the inbred lines since about 1935, encouraged experiment 
the stations and swine breeders to test application of those principles to 
swine. This research was started in 1937, and within a few months 
11 States and the Bureau of Animal Industry had agreed to cooper- 
ate in conducting experiments with different breeds and, by moderate 
inbreeding, to develop strains of hogs best suited to the needs of 
American hog growers. In succeeding years, some of the lines bred 
were placed on farms to compare them with farm stock, experimental 
eed- facilities were expanded at the State stations, and tests were made of 
for ' inbred lines in top, single, multiple, and breed crosses. In one project, 
ines a technique for using specific gravity as a measure of the lean content 
Asin of pork carcasses was developed. Currently, much emphasis is being 
eed- placed on line-crossing tests within and between breeds. 
how 
vork D. FUNDS—ANNUAL EXPENDITURES 
is of ‘ : , : 
antl Annual expenditures from the special research fund have ranged 


from slightly over $14,000 in the fiscal year 1937, when this project was 
initiated, to about $67,000 in the fiscal year 1949. Average annual 
expenditures over this period have been about $57,000. Expenditures 
for the fiscal year 1950 were $75,900. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of methods for developing inbred lines of swine that can 
be followed most economically and effectively by breeders of seed 
stock.—Usefulness to the breeder of developing inbred lines within a 
pure breed and crossing these inbred lines is indicated by markedly 
increased litter weights at 5 months of age as compared with those of 
control stocks. 

Demonstration that through crossing selected stocks the producer 
can obtain hybrid vigor in pigs, and at the same time control the kind 
of carcasses he produces. Inbred lines appear to provide means for 
practical results in that respect. Results show that about the same 
amount of increase in hybrid vigor can be obtained in pigs as in corn— 
15 to 20 percent when lines are selected for combining ability. 

Development of two new breeds, Montana No. 1 and ibetneate No. 
1.—These appear to have good crossing value with the standard 
breeds, particularly with respect to improving the desirability of car- 

‘asses. These stocks have been rather widely distributed. There are 
approximately 600 herds of one of these breeds in 18 States and 77 
herds of the other breed in the hands of farmers. 


F. SOME ADDITIONAL WORK NEEDED 


Specific “nicking effects” (combining value) resulting from the 
crossing of inbred lines.—It is evident that a large part of hereditary 
variation for growth rate, vigor, and other char racteristics of pigs is 
due to such effects. More extensive sampling of breeds is needed to 
appraise current findings and to explore possibilities of developing 
lines having superior ¢ characteristics. 

Specialized studies of data on present breeding results are needed 
to answer some fundamental questions on selection of stock having 
the desired combination of desirable characters. Selection progress 
has been less than expected owing in part, at least, to numerous nega- 
tive genetic relationships that have appeared. Finding the reasons 
why ‘these have oc curred should greatly speed up progress in the 
development of superior strains and hybrids. 


IDENTIFICATION AND PROPAGATION OF GENETICALLY SUPERIOR 
Lines oF Beer Carrie 


(BAI—RM: b—3S—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality and efficiency of beef cattle through the use 
of breeding tests designed to reveal the inherent productive capacity 
of lines within present breeds or lines derived from crossbred stocks. 
This project is conducted on a decentralized basis in cooperation with 
experiment stations and private breeders in the western, north-central, 
and southern regions of the United States. The major part of the 
work is conducted by the cooperating States. Thirty-six States and 
the Territory of Hawaii have signed cooperative regional projects. 
In the current work, inbred lines of cattle are being developed and 
tested. Better inbreeding methods are sought, as well as ways of 
determining the economic value of new lines in the feed lot and on the 
meat block. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-38-1 (Montana)—Testing breeding value of lines of Here- 
ford cattle. To make brother-sister and progeny tests of genetically 
distinct lines of apne pars cattle and crosses of these lines for rate and 
efficiency of gain and carcass quality; to propagate these lines and to 
determine the 1 emseaanenia if any, in rate of gain and carcass quality 
of progeny of bulls from these lines when used in the herds of cooperat- 
ing experiment stations and private breeders. 

<M: b-38-2 (Florida)—Development of crossbred types of beef 
attle for southeastern United States. To develop and compare types 
of tropical cattle, such as Brahmans, crossed with E meer species 
such as Angus or Shorthorns; for instance, how adaptable they are 
to the climate, feed, and forage supplies of the Gulf coast region, and 
how acceptable they are as beef producers. 

RM: b—38-3 (Louisiana )—Development of pure and _ crossbred 
types of Brahman cattle for southeastern United States. To compare 
a family of Brahman cattle with Brahman X Angus types in ability to 
adapt themselves to subtropical climates, 

RM: b-38-+4 (Virginia)—Improvement of beef cattle through 
breeding methods. To study the productivity of stocks of beef cattle 
now used; to develop methods of estimating the breeding value of 
young bulls with respect to type, growth rate, and efficiency. 

RM: b-38-5 (Arkansas) —Determination of adequate record-of- 
performance tests for beef cattle. To develop a system of measuring 
young animals that will accurately predict their mature productive 
capacity. 

RM: b-38-6 (Tennessee)—Improvement of the producing ability 
of beef cattle. ‘To investigate the productiveness of existing lines of 
beef cattle; to determine the effect of different systems of nutrition and 
management on certain lines with respect to type, conformation, 
economy of gain, fertility, and longevity. 

RM: b-38-7 (Iowa)—Improvement of beef cattle through breeding 
methods. To establish inbred lines of Aberdeen-Angus, Hereford, 
and Shorthorn cattle; to determine the intensity of inbreeding that 
is possible with beef cattle. 

RM: b-38-8 (Minnesota)—Improvement of beef cattle through 
breeding methods. To develop an inbred line of Shorthorn cattle to 
about 35 percent inbred ; to test this line for general combining ability 
with other inbred lines. 

RM: b-38-9 (Nebraska)—Testing the value of moderate inbreed- 
ing for improving Hereford, Aberdeen-Angus, and Shorthorn cattle. 
To develop lines of beef cattle with improvement in such characters as 
rate and economy of gain, fertility, nursing ability, longevity, and 
carcass quality. 

RM: b-38-10 (South Dakota)—To develop inbred lines of beef 
cattle within established breeds. To develop effective breeding tech- 
niques for improving the produc tiveness of beef cattle. 

RM: b-38-11 (Arizona)—Progeny testing of Hereford sires. To 
investigate the productiveness of different Hereford sires as reflected 
in the growth capacity of their progeny; and to develop inbred lines 
that will be useful in improving this important character. 

RM: b-38-12 (Califor nia)—To isolate, specifically define, and de- 
velop means of measurement of the basic factors in beef-type selections. 
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To define in objective terms the most practical combination of char- 
acters, and to develop methods of selection and mating. 

RM: b-38-13 (Colorade)—Comparison of “comprest” (short and 
blocky) and conventional types of Hereford cattle under range and 
feed-lot conditions. 'To study the effect of inbreeding and crossing in- 
bred lines within the Hereford breed. 


poh se Sika ah ARR as Se cee al 


RM: b-38-14 (Montana)—Establishment of inbred lines of regis- 

tered Hereford cattle, both horned and polled. ‘To test breeding stock 

: of the principal beef-cattle breeds in order to discover genetic material 
possessing high and economical degrees of production. 5 


RM: b-38-15 (New Mexico)—Breeding beef cattle for south- 
western ranges. ‘To study the heritability of the following characters 
in beef cattle; weight, grade, rate, and efficiency of feed-lot gain, car- 
cass grade and yield, resistance to cancer eye, and type or form; to de- 
velop a multiple-sire line of purebred Hereford cattle adapted to the 
Southwest. 

RM: b-38-16 (Oregon)—Improvement of beef cattle through the 
application of breeding methods. To progeny-test beef bulls; to de- 
velop a selection index for beef cattle; to determine the inheritance of 
economic characters. 

RM: b-38-17 (Utah)—Improvement of beef cattle through the ap- 
plication of breeding methods. To accomplish moderate inbreeding 
within the Hereford and Shorthorn breeds; to test inbred sires within 
the various lines that will be developed. 

RM: b-38-18 (Washington)—Improvement of beef cattle through 
inbreeding within the Hereford, Aberdeen-Angus, and Shorthorn 
breeds. ‘To develop lines of beef cattle with improvement in such 
characters as rate and economy of gain, fertility, nursing ability, 
longevity, and carcass quality. 

RM: b-38-19 (Texas)—Improvement of beef cattle within pure- 
breds, and certain of their crosses, through breeding methods based 4 
on the selection of performance-tested and progeny-tested sires, and ; 
on evaluation tests for efficiency and rate of gain, heat tolerance, and ; 
carcass value. 

RM: b-38-20 (North Carolina)—Development of beef cattle es- i 
pecially adapted to the Coastal Plain region and similar areas. ‘To de- 4 
termine whether beef cattle resulting from crossing grade Hereford 3 
cows to Brahman and Romo-Sinuano bulls are more productive in the 
Coastal Plains region than high-grade Herefords. Romo-Sinuano 
cattle are natives of Colombia, South America. Other breeds may be 
considered as the project develops. 

RM: b-b-4-1-12 ( Virginia)—Beef-cattle herd improvement based 
on performance. To develop highly productive beef cattle through 
the use of proved stocks; to simplify methods of progeny testing 
whereby breeding cattle can be evaluated at young ages; to study 
progeny performance in terms of steers fed to slaughter weights on 
grass with limited winter supplements. 
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C. HISTORY AND EVOLUTION OF THIS WORK 






Success of corn growers with hybrid types of grain in the 1930's 
stimulated the belief of cattlemen that better animals and greater 
profits could be obtained by applying similar breeding principles in 
beef-cattle herds. Small-scale experiments, together with ate 
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of experienced cattlemen, indicated that improvement could be made if 
research were conducted on a Nation-wide scale. After preliminary 
work by State experiment stations in the western and north-central 
regions, the Bureau began this cooperative work project in October 
1947. Regional committees discussed lines of research to be followed, 
and Federal-State projects were prepared in 1948. Phases of researc h 
that each station could undertake to best advantage in view of facilities, 
available breeding stock, and staff to carry out the work, were outlined 
cooperatively. It was agreed that the Federal Bureau ‘of Animal In- 
dustry would coordinate the project on a regional and national basis, 
and gather and coordinate the data. The States agreed to provide the 
livestock, their upkeep, and the plant for carrying on the work. This 
contribution has increased considerably since ‘the: project began. 
Owing to increased pressure by breeders of livestock, a number of 
the cooperating States have established testing stations for deter- 
mining the value of their stock. This is adding materially to the 
opportunities of discovering highly productive animals. Realizing 
this, stations are retaining the right to use these animals in their own 
breeding herds before they are returned to the owners. The fact that 
all available information continues to emphasize the high heritabilities 
of the characteristics in beef cattle that determine profit has tended 
to speed up the plans for early testing of combining ability of lines. 
Consideration is now being given to an exchange of stock for testing. 
High heritability estimates have also stimulated cooperating stations 
to study indications of future growth rates in young animals of known 
ancestry with a view to increased accuracy of selection within lines. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 
Fiscal year 1948 


dba seitiebatees inset tedden : re ——- iF 
Fiscal year 1949_._.._--_-_- PROBE Sear iind: aoa ___ 108, 000 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Nelection of supe rior individuals made possible by the demonstra- 
(ion of producing ability of different lines —Cooperating stations are 
now selecting animals on a uniform record-of-performance basis for 
improvement of their beef cattle herds. 

Establishment of several large feeding stations for testing stocks — 
These have been established on State-owned properties and involve 
three-way cooperation between State experiment stations, cattle 
breeders, and the Bureau of Animal Industry. Bulls supplied by 
cattle breeders are tested individually at these stations. Breeders are 
thus able to use the best animals in their herds and dispose of the 
inferior ones. 

Proof that selectively bred steers surpass steers from ordinary com- 
mercial sources in gains in weight.—Feeding tests conducted by the 
Bureau have shown that steers can be produced which have an advan- 
tage of approximately 10 percent in liveweight gain and make this 

gain on 9 percent less feed. In some herds tested, gains of 13 to 25 
vac have been recorded. This very recent finding is expected to 
produce a demand for adoption, by breeders, of selective breeding 
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methods to insure increased beef production and greater profits to 
cattlemen. 


F. SOME ADDITIONAL WORK NEEDED 


Eatension of cooperative sire testing and feeding programs to farm 
and ranch cattle breeders as a means of locating desirable stocks and 
speeding up improvement. Many large cattle breeders have herds 
that have been maintained under well-controlled breeding conditions. 
These herds offer likely sources for testing and feeding programs. 

Operation of a plan to assemble, throughout the Nation, herds of all 
known breeds of domestic cattle as sources of material for breeding 
experiments. Such a project would provide “pools” of pure strains 
for future research. 

Development of suitable methods of making body measurements of 
young stock to determine breeding and beef-production potentialities. 
If, for instance, the future development of a steer calf can be esti- 
mated by his physical measurements, the cattle grower can gage his 
feeding methods to produce a maximum yield of beef when the calf is 
mature. 

(For work in cooperation with States on regional projects NC-1, 
S-10, W—1, see ch. 39.) 


SwInE FEEDING AND NUTRITION 
( BAI—b-1—+4—-Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To get information that will enable swine producers of the United 
States to obtain the maximum amount of high-quality pork from a 
minimum amount of feed. Experiments are conducted to find (1) 
the best feeds, partic ularly home-grown feeds, that will accomplish 
this purpose; (2) the energy, protein, mineral, and vitamin require- 
ments of swine Ee growth, reproduction, lactation, and fattening; 
and (3) the nutrient content of feeds in order to eliminate nutritional 
deficiencies and to determine the amounts of the various kinds of 
feeds to use in the diets. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1—-4+-6—Improvements in the combinations of supplements of 
both animal and plant origin for rearing hogs to market weights. To 
determine the proper balancing of supplemental mixtures for use 
with corn or other grains, with emphasis on protein quality and asso- 
ciated nutritional factors. 

b-1-4-7—Comparative feeding value of different dehydrated ha 
meals as supplements in the swine ration. To find the value of dif- 
ferent hay meals for hogs on winter pasture or fed in dry lot without 
access to pasture. 

b-1-4-8S—Use of dried distillery byproducts in swine feeding. To 
determine the usefulness and place of distillers’ dried grains and 
solubles, and of distillers’ dried solubles, in swine diets. 

b-1+4—9—Evaluation of feeds and vitamin supplements for pre- 
venting locomotor incoordination in swine. To determine the effec- 
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tiveness of various supplemental feeds and of various combinations 
of feeds in preventing nerve degeneration, with resulting incoordina- 
tion in the use of the legs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


“xperimental work in swine feeding was begun at Beltsville in 
1914. At that time, farmers depended all too exclusively on the use 
of corn as the staple hog feed. The importance of protein and the 
mineral factors—calcium and phosphorus—in swine feeding were just 
beginning to be recognized. Vitamins had just been discovered, but 
nothing was known as to the needs of swine for them. The same 
statement applies to trace minerals such as iodine, copper, and iron. 
The usefulness of tankage and skim milk as protein supplements to 
corn was beginning to be appreciated. Mill feeds had considerable 
popularity, but lack of information limited the use of cottonseed meal, 
linseed meal, soybean meal, alfalfa meal, fishmeal, and other supple- 
ments. Experiments i in 1914 were directed to a study of the effects 
of copper as an antidote for cottonseed meal poisoning in swine. 
These were followed by research on protein, mineral, and vitamin 
needs of swine, and on the value of numerous feeds in swine rations. 
World War I demands for increased pork production resulted in a 
broadening of research on improving swine-feeding methods. Fol- 
lowing the war, a study of the soft-pork problem, its causes and means 
of solution, was undertaken. This study pioneered in the develop- 
ment of cooperative relations with State experiment stations in the 
conduct of animal husbandry research on a broad regional basis. In 
recent years increasing attention has been given to requirements of 
the newer nutrient factors connected with ‘deficiency disorders and 
to the formulation of nutritionally complete diets. New discoveries 
in the general field of nutrition constantly bring new problems for 
study in swine feeding. 





D. FUNDS-—-ANNUAL EXPENDITURES 


With feeding and nutrition studies financed from funds covering 
work on several lines of research with swine, estimates for early years 
are difficult to obtain. Direct expenditures for all swine husbandry 
investigations ranged from $67,200 in 1923 to $45,200 in 1934 and 
averaged slightly over $55,000 annually. During this period there 
were expenditures for three projects (maintenance of station at Belts- 
ville and fundamental research on animal genetics and nutrition) for 
which no basis for distribution is available now. The average expendi- 
ture for these three projects from 1923 to 1934 was about $92,000 
annually. The direct costs for swine feeding and nutrition research 
ranged from $21,200 in 1935 to $21,600 in 1943. Expenditures for 
this work varied from $22,200 in 1944 to $22,400 for the fiscal year 
1950. From 1915 to 1937 special funds were provided for experiments 
and demonstrations in livestock production in southern United States, 
small amounts of which were expended for swine feeding and man- 
agement investigations. In 1937 when these special funds were merged 
with the regular appropriation about $5,000 of the special funds was 
being spent for swine work. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Finding that fish meal is a very effective supplement in a grain 
ration for pigs in feeding trials at Beltsville in 1914. This supple- 
ment proved equal, if not superior, to tankage. These results made 
possible the use of large quantities of fish wastes as a source of pro- 
tein to stimulate hog production in World War I. Fish byproducts 
were used along the coasts, and tankage was used in the Corn Belt 
to supplement the cereal grains, thus reducing wartime shipping prob- 
lems. Following the war, fish meal was found to be a valu able nutrient 
in the ration of other classes of farm animals, especially poultry. It 
is estimated that the use of fish meal as a protein supplement has 
a swine producers in the coastal and Gulf areas at least $500,000 
yearly in transportation cost by making a source of protein available 
near centers of production. 

Production of pork of satisfactory firmness by hogs fed large quan- 
tities of feeds high in oil content resulted from investigations begun 
in 1919 in cooperation with State agricultural experiment stations 
and the American Meat Institute. Feeds such as peanuts, soybeans, 
rice polish, rice bran, oils, and mast, when fed in large quantities to 
hogs, produced soft or oily carcasses, which sold at lower prices than 
that of firm pork. In experiments at cooperating stations to determine 
how these feeds could be combined with ha rdening feeds such as corn, 
barley, wheat, sorghum, sweet potatoes, brewers’ rice, rye, oats, and 
cottonseed meal to produce pork of satisfactory firmness, it was found 
that other factors had an important bearing on the problem. Among 
these were total oil intake on the softening ration, the live weight at 
which the change from the softening to “the hardening r ration was 
made, the total starch intake on the hardening ration, and initial and 
final weights of the pigs. Recommendations based on the outcome 
of these studies were of great value to the swine grower in producing 
firm pork advantageously by the use of available home- -grown feeds. 
It is estimated that application of this information has added hun- 
dreds of thousands of dollars annually to the producer because of 
higher prices obtained for a better-quality product. 

Discovery of the value of creep feeding 3-week-old suckling pigs 
protein-rich feeds, such as skim milk or tankage, in addition to access 
to a standard ration. Pigs so feed for 11 weeks, after which they 
received a standard ration to a final feed-lot weight of 225 pounds, 
made greater daily gain, with less feed per unit of gain, than pigs 
not receiving the protein, The protein supplements in early life 
enabled them to attain market weight approximately 2 weeks earlier 
than pigs not receiving such supplements. 

Determination that fattening hogs to heavy weights is costly in 
amount of feed required for each 50 pounds of gain between w eights 
of 75 and 375 pounds. Results indicate that 275 pounds is about the 
limit to which intermediate- type. hogs can be fed profitably under 
normal conditions, Beyond the 275- -pound weight the rate of gain 
dropped significantly and the feed required per 50 pounds of gain 
increased appreciably. When there is a demand for lard and feed 
supplies are available, intermediate-type hogs may well be fed to 
weights of 275 pounds; but when the need for lard is limited, it is 
more desirable to market hogs at 200 to 225 pounds live weight. 
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Development of a protein-mineral supplement.—When used with 
corn in self-fed growing and fattening pigs in dry lot, a protein- 
mineral supplement has + given excellent results. This supplement is 
composed of 10 parts of a good fish meal, 10 parts high-grade tankage, 
35 parts toasted soybean meal, 20 parts linseed meal, 20 parts : alfalfa 
meal, and 5 parts mineral mixture composed of 20 parts iodized salt, 
20 parts steamed bonemeal, 57.7 parts pulverized limestone, 2 parts 
ferrous (iron) sulfate, 0.1 part copper sulfate, and 0.2 part manganese 
sulfate. This mixture is preferably mixed with corn in proportions 
to meet the protein needs of pigs according to their size. This diet 
formula, or minor variations of it, is widely used by hog growers in 
this country and has helped in attaining more economical production. 


F. SOME ADDITIONAL WORK NEEDED 


Determinations of the necessary quantities of the recently discovered 
fe ed nutrients are needed to enable the correct balanci ing of rations of 
brood sows as well as of growing and fattening pigs. 

Determination of the nature and functions of the animal protein 
factor and associated antibiotic materials (substance es that kill disease- 
producing bacteria and that may possess some other stimulating effect 
on growth) in swine nutrition is needed to clarify the role and  condi- 
tions under which they can be used to improve general health and 
growth rate. The effect of the faster growth rate on the fat content 
of the carcass also deserves consideration. 

The comparative value of different forage crops for hogs should be 
studied more thoroughly. In past studies on forage crops, the con- 
sumption of various amounts and — of other feeds and methods of 
feeding have affected the results. Carefully controlled experiments 
in which all hogs are fed similar rations at definite levels so that the 
pork-producing values of different forages per acre can be measured 
for pigs of different ages and weights should be of definite value to 
the swine producer. 

Improved diets based on recent information and adapted to maxi- 
mum use of home-grown feeds should be tested for their value in the 
economical pr oduction of meat- type hogs. 


Horse AND Mute NutririIon 
(BAI—b-3—-6— Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) investigate the nutritive requirements of horses and mules 
for best growth and development, maintenance, work, and reproduc- 
tion: (2) study the use by these animals of various feeds, and (3) 
(levise adequate diets to meet special conditions such as unfavorable 
climate; soil deficiencies; and economy of use, availability, and trans- 
portation of feeds. The current work has been concerned specifically 
with the development of bone in growing horse stock, particularly as 
influenced by variations in the mineral content of the diet, and the 
minimum roughage requirements of horses varying in age, activity, 
and reproduction. In connection with the latter work, attention has 
been directed to the development of compressed, complete horse diets, 
of minimum bulk and weight, suitable for feeding artillery and 
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cavalry horses in active field service. However, such diets also may 
he used under any restricted conditions of transportation and storage 
where the bulkiness and weight of the conventional diet of grain and 
baled hay limit the usefulness of horses and mules. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-3-6-3—Nutritive requirements, particularly for roughages, of 
horses and mules, for health, maintenance, reproduction, ‘and work, 
To determine the minimum and maximum requirements of horses for 
roughage under various conditions and the factors that govern these 
requirements; to determine the effects of variations in the roughage 
or forage content of the diet on the use of various dietary factors as 
well as of the diet as a whole. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Since 1904, when the Bureau began experimental work in horse 
breeding, studies on the feed requirements of horses have been carried 
out concurrently. During the early years, attention was given princi- 
pally to the dev elopment of specific 1 ations that would be adequate for 
breeding, growing, and working animals. The data thus obtained 
formed a general bac ‘kground for some of the more specialized studies 
made later. The earliest work on specific feeds and rations was begun 
in 1917 at Beltsville, Md., and involved the use of cottonseed meal. 
Later, determinations of the hay requirements of city work horses 
used for delivery and hauling purposes were made. Other early proj- 
ects included a cooperative study with the War Department on the 
adequacy of rations fed to cavalry and artillery horses. ‘Tests were 
made also to develop substitutes for mare’s colostrum (the first milk 
secreted after foaling), and for milk in the rearing of orphaned foals, 
as well as to determine the effect of a low level of phosphorus in the 
diet on development of bones in growing colts. During World War 
IT, at the request of the Veterinary Corps of the U nited States Army, 
tests of field rations for Army horses were undertaken on both ponies 
and working farm horses. Following these tests, at the request of the 
Office of Scientific Research and Development of the National Research 
Council, an extensive study was made which had for its purpose the 
reduction in bulk and w eight of diets for army horses. Since the war, 
studies involve the minimum roughage requirements for growth, 
reproduction, and lactation; effects of variations in calcium and phos- 
phorus and vitamin D on the development of bone in the growing 
animal ; and methods of measuring quality of bone in the living: animal. 
Ponies have been used in these studies since 1944. 


D. FUNDS——-ANNUAL EXPENDITURES 


With breeding studies financed from funds covering work on several 
lines of research with horses and mules, estimates for early years are 
difficult to obtain. Direct expenditures for all horse and mule hus- 
bandry investigations varied from about $40,000 in 1923 to about 

25,000 in 1934 and averaged slightly over $37,000 annually. During 
this period there were expenditures for three projects (maintenance 
of station at Beltsville and fundamental research on animal genetics 
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and nutrition) for which no basis for distribution is available now. 
The average expenditure for these three projects from 1923 to 193 
was about * $92,000 annually. The direct costs for horse and mule 
husbandry investigations varied from about $33,000 in 1935 to about 
$40,000 in 1945. Emergency funds were provided for studies on rations 
for Army horses from 1942 to 1944. Expenditures for the emergency 
work were about $14,000. Expenditures for feeding and nutrition 
work ranged from about $16,000 in 1944 to $16,346 for the fiscal year 
1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Proof that cottonsced meal can be safely fed to horses up to a daily 
allowance of 1 pound per 1,000 pounds of body weight. The addition 
of meal to the diet should be made gradually. Excessive amounts may 
result in serious digestive disorders and even death. 

Evidence that good corn silage makes an excellent and economical 
winter feed for brood mares, when fed in daily amounts not exceeding 
10 pounds per animal. Moldy or frozen silage cannot be used. 

Finding that the usual large amounts of hay in the diets of work 
horses are unnecessary and uneconomical.—A limitation of the daily 
hay allowance to 8 pounds per animal proved entirely adequate and 
probably could be still further reduced. 

Discovery of the value of normal horse serum in a mixture of dried 
cow’s milk as a colostrum substitute for foals —This substitute during 
the first 24 hours after birth is a practical means of protecting foals 
from various infections to which they readily succumb without the 
benefits of colostrum. 

Finding that a mixture of dried skim milk, dried whole milk, sugar, 
lime water, and water is a satisfactory substitute for normal mare’ 
milk.—This mixture, which is similar to mare’s milk in the relative 
proportions of the various nutritive factors, was found to be more 
satisfactory for feeding orphan foals than a modified fresh cow’s milk. 

Development of complete horse diets in pellet form.—These pellets 
consist of mixtures of approximately 40 or 50 percent of roughage, the 
remainder being concentrate feeds. They have obvious advantages of 
economy of labor and convenience on feeding, economy of space in 
storage and transportation, and practicability of using in the diet 
many of the factory and mil! byproducts such as oat-mill feed, malt 
sprouts, distillery byproducts, and fruit pulps. Such diets may save 
approximately 50 percent of the volume and 15 percent or more of the 
weight of the conventional horse diet. They have been fed experi- 
mentally to ponies, draft horses, and light horses under conditions both 
of idleness and of moderate work with entirely satisfactory results. 

Determining the minimum roughage requirements of horses when at 

rest and at moderate work.—This requirement was found to be 0.3 to 
0.4 percent of body weight as compared with the usual allowance of 
1.0 to 2.0. This minimum roughage allowance is satisfactory only 
when used in combination with concentrate feeds that meet the require- 
ments for known nutritional factors other than bulk. Diets having 
these low levels of roughage have been found adequate also for good 
growth in young stock and for lactating mares. However, they appear 
to be inadequate for mares during pregnancy, usually resulting either 
in resorption of the fetus or in a weak and crooked foal. 
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F. SOME ADDITIONAL WORK NEEDED 


Nutritional factors involved in the maintenance of pregnant 
mares.—It is now recognized that a part of the poor reproduction 
observed in mares can be accounted for by the resorption of the fetus 
after conception has taken place. There is evidence that inadequate 
levels of hay in the diet favor such resorption. 

Relation of nutrition to the development of faults in bone and tendon 
of horses and mules.—Some data are available regarding the minimum 
requirements for calcium and phosphorus and for vitamin D in grow- 
ing stock, and the effects of deficiencies of these factors; but there is 
a dearth of information regarding the availability to the animal of 
these minerals in the actual feeds used and in feed combinations. There 
is need for answers to such questions as “Why does pasture in one 
section of the country produce animals with better bone and fewer leg 
ailments than that in another?” Simple analyses of the herbage do 
not supply the information. 


Beer Catrie Frepine 


(BAI—b-4+-2—Federal-State—regular funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the nutritive requirements of beef cattle in relation 
to health, reproduction, growth, fattening, and quality of meat; (2) 
study requirements for nutrients under various environmental condi- 
tions throughout the United States; (3) learn the nutritive values of 
feeds available within certain regions in order to use them most effec- 
tively; (4) determine the supplementary feeds required to permit 
maximum use of farm feeds and range forage. Current work is 
directed to determination of proper concentrate supplements, vitamin 
A requirements in young cattle, prevention and control of urinary 
calculi disorder, supplementation values of different phosphates, and 
similar nutritional needs. The relationship of feeding to various man- 
agement and breeding practices is under constant study. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b4-2-2— To find the effect of different methods of supplying phos- 
phorus to cattle grazing on phosphorus-deficient range on growth, 
fertility, and beef production. 

b4-2-8—To study nutritional problems associated with the forma- 
tion of urinary calculi in fattening steers. To conduct research on 
prevention and control of urinary calculi formation in steers fattened 
on grain sorghums. 

b-4-2-10—To study nutritional problems concerned in the grazing 
of the forest range in the sections of the Southeastern Coastal Plain. 

b4—2-11—To determine relative feeding values of different phos- 
phates. To obtain basic data on the availability and palatability of 
different phosphates that may be suited for animal feeding by means 
of chemical and feeding tests and short-term cattle feeding experi- 
ments. 

b4-2-15—To determine minimum monthly and seasonal phos- 
phorus requirements of range cattle in the Southeastern Coastal Plain. 
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b-4-2-16—To compare the growing and fattening qualities of calves 
and yearlings. To study gains, costs, and returns, as well as quality 
of beef produced from the feeding on pasture and in dry lot of calves 
and yearlings. 

b-4-2-17—To develop methods of fattening cattle on grass with and 
without supplements. 

b4-2-18—To learn factors affecting productivity of switch cane 
for grazing. 

b-4-2-19—To study concentrate supplements for range cattle. To 
determine the proper concentrate supplements and the ways of using 
them for cattle maintained on the range in the Southern Great Plains. 

b—-4-2-20—To determine the relation of pre-feed-lot stores of vita- 
min A in young cattle to subsequent feed-lot performance and vitamin 
A requirements. 


C. HISTORY AND EVOLUTLON OF THIS WORK 


Although Bureau funds helped pioneer animal nutrition studies in 
Pennsylvania as early as 1897, first feeding experiments with steers 
were started under this project in 1905 in one of the Southern States. 
Eradication of the fever tick in the South was followed by a growing 
demand for more and better livestock production and a request for 
Federal aid to solve improvement problems, including those of feeding 
requirements for cattle. The Bureau carried on much of its early work 
on private farms where experiments were conducted by trained men. 
Tests of the value of cottonseed meal as a forage supplement were 
among the first of the nutrition studies in the southern areas. Research 
on cattle feeding problems in the Appalachian region were begun in 
1913 and those of the Gulf Coast area a few years later. Surveys were 
started in the Corn Belt States, in cooperation with State experiment 
stations, during 1921, to determine the most effective methods of 
feeding cattle. These were later expanded to include the Cotton Belt 
and western and southwestern range areas. With results of these 
surveys as a basis, experiments were carried on in succeeding years 
with various phases of cattle feeding having regional application. As 
research enlarged under the project, many State experiment stations 
cooperated until now beef-cattle feeding studies are being conducted 
in all of the principal beef-producing regions of the country. 


D. FUNDS--ANNUAL EXPENDITURES 


With feeding studies financed from funds covering work on several 
lines of research with beef and dual-purpose cattle, estimates for early 
years are difficult to obtain. Direct expenditures for all beef and dual- 
purpose cattle husbandry investigations varied from about $48,000 in 
1923 to about $165,000 in 1934 and averaged about $127,000 annually. 
In addition during this period there were expenditures for three 
projects (maintenance of station at Beltsville and fundamental re- 
search on animal genetics and nutrition) part of which were applicable 
to this project but for which no basis for distribution is now available. 
The average annual expenditures for those three projects from 1923 
to 1934 was about $92,000 annually. The direct cost for beef cattle 
feeding investigations varied from about $40,000 in 1935 to about 
$35,000 in 1943. Expenditures for this project ranged from about 
$36,000 in 1944 to $51,700 in 1950. 
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From 1915 to 1937 special funds were provided for experiments and 
demonstrations in livestock production in southern United States, 
part of which was for beef cattle husbandry investigations. In 1937 
when these special funds were merged with the regular appropriation 
about $20,000 of the special funds was being spent for beef cattle work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstration that many locally grown feeds in widely different 
areas of the United States can be used successfully for fattening, 
growing or maintaining beef cattle—Example of the economic value 
of native feeds, as shown by Bureau experiments, are the use of grain 
sorghums in the Southwest to fatten cattle instead of selling them as 
feeders and stockers, sweetpotatoes, and velvet beans in the South for 
fattening cattle, and western and crested wheatgrass in the Northern 
Great Plains area in wintering young stock. 

Demonstration that beef cattle can utilize to advantage many by- 
products and surplus foods, and can salvage much plant material that 
would otherwise be wasted. Cottonseed meal, cake, and hulls, rice 
bran, rice polish, and brewer’s rice, distillery dried grains and slops, 
brewer’s grains, molasses, and peanut meal were all found to be useful 
as cattle feed. Surplus wheat and potatoes have been fed to beef 
cattle and satisfactory gains obtained with these feeds in the ration. 
In fact, wheat was found to be equal to or slightly superior to corn 
in feeding value. Barley infested with scab has been shown to have 
practically as great a feeding value as normal barley. The value of 
crop gleanings in a locality in one of the Southeastern States was found 
to provide maintenance for 23 days per cow per acre during the winter 
for beef cows in the breeding herd. Also, it has been demonstrated 
that cattle will make a reasonable return from grazing native vegeta- 
tion in many areas unsuited for crop production as in the bad lands 
of the Northern Great Plains, the Appalachian Mountain area, the 
cut-over pine lands of the South, and the canebrakes along the South 
Atlantic coast. 

Proof that silage is valuable in many localities for fattening, grow- 
ing, and maintenance rations for beef cattle—In many areas, the 
Bureau and cooperating agencies have shown that silage made from 
a wide variety of local crops and fed in place of part or all of the 
dry roughage results in as good or better gains and finish, and often 
at a material saving in cost. 

Determination that the addition of supplements to the ration is 
often advantageous.—Addition of a protein supplement such as cot- 
tonseed meal has been shown to improve most beef-cattle rations for 
fattening and growing cattle. It also improves many maintenance 
rations. Under some conditions a locally grown crop, such as velvet 
beans, may be used satisfactorily to furnish the protein. The sup- 
plementing of pasture with proteins and carbohydrates has been 
shown generally to increase gains and finish and often to be profitable. 
Cattle on winter range have responded markedly to even small amounts 
of supplemental feed, particularly cottonseed cake, and often the 
effects of this additional feeding are evident in the later performance 
of the animals. 

Demonstration of the value of limiting the grain and increasing the 
roughage in the ration—It has been shown that although limiting 
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the grain part of the ration usually reduces the gains and finish of 
eattle, it is nevertheless possible to produce acceptable consumer beef 
in this manner and often at a considerable saving in cost of feed. 

Demonstration that pasture can furnish a large part of the feed 
required.—N umerous experiments have shown that all classes of beef 

cattle, except young calves, can utilize many types of pasturage to 
good advantage. On good pasture it has been possible with yearling 
and older cattle to get practically as good gains and finish as in the dry 
lot. It has been shown that supplementing the pasture, particularly 
in the latter part of the growing season when the plants are lower 
in protein content and are less digestible, i improves the ration consider- 
ably. In addition to the use of summer pasture it has been shown 
that in many areas winter pasture, either that grown during the pre- 
vious summer and held unused until winter or that from cool we: ahen 
grasses and legumes may be used to advantage to winter cattle, espe- 
cially if some supplementary feed is furnished or available in case 
of need. Year-long pasture in some areas has been found practical. 
Many new pasture grasses and legumes tried in grazing experiments 
with cattle, as well as combinations of pasture plants, have been 
desianaheaied to give increased beef cattle production and are now 
in use in large areas of the country. 

Demonstration that beef production can be increased through de- 
termination of the protein, vitamin, and mineral content of feeds and 
supplementation, when needed. Experiments showed, for example, 
that higher protein and mineral content of grasses on burned-over 
areas in the South gave greater gains to animals pasturing on the new 
vegetation than to ‘those grazing on unburned areas. When mineral 
defici iencies in vegetation ‘erazed by beef cattle in the Southern Great 
Plains, the Southwest, and the Gulf coast areas were discovered a 
corrected, cattle production increased. Methods have been devised to 
test the protein, vitamin, and mineral content of grazing feeds and 
thus determine necessary supplementary feeding. 


F, SOME ADDITIONAL WORK NEEDED 


Investigations in areas where the Bureau has not conducted such 
studies of the minerals present or lacking in native feeds, and the 
requirements of beef cattle for those minerals. Improved feeding 
practices in many areas should result from such studies. 

New work in the field of bacteria of the digestive systems of cattle.— 
This needs to be done to understand the basic reasons for apparent 
differences in response of beef cattle to specific rations and feeds largely 
of a roughage nature. 

Study of the response of test animals to differing concentrate rough- 
age rations.—This will furnish a sounder basis for evaluating breed- 
ing stock being critically selected for efficiency of production. 

Di velopme nt of new fattening and growing rations particularly 
those which use maximum amounts of low-grade roughages and other 
agricultural salvage materials and byproducts. 

Investigations of the use of grass silage—Methods of making grass 
silage have been much improved especially for dairy cattle feeding. 
Study is needed on its usefulness in beef cattle production. In m: ny 
sections of the country, it may be advantageous to provide all or part 
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of the roughage and perhaps a considerable part of the required protein 
in the form of grass silage. 

Inve stigations on the “differences in feeding values of hay.—Infor- 
mation is needed on results to be expected from feeding different 
market grades of hay that have been made in different ways, including 
artificial curing. 


Duat-Purpose CatrLe FEEDING 
(BAI—b-—5—-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the nutritive value and digestibility of feeds and 
forages for dual-purpose cattle. Current work is directed toward 


~ finding suitable methods for determining the amounts of carotene and 


vitamin A in feeds and forages, in studyi ing the carbohydrate complex 
and improving or devising new methods of analyzing these materials, 
and in chee ‘king labor atory tests against actual feeding tests with 
cattle. 

B. CURRENTLY ACTIVE LINE PROJECTS 


b-5-2-3—N utritive values of feeds and forages as influenced by com- 
ponents of the carbohydrate complex. To study the influence on the 
digestibility of feeds and forages of starches, sugars, celluloses, and 
other chemically related compounds i in the carbohydrates from which 
cattle obtain most of their energy. 

b-5-2-4—Methods of determining carotene and vitamin A in feeds 
and forages. To devise methods of determining the nutritive value 
of carotene and vitamin A in cattle feeds and forages so as to promote 
their proper use in insuring normal growth and reproduction of cattle. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work, begun in 1935, has been directed to the measurement of 
the nutritive values of feeds for dual-purpose cattle. Two general 
phases have been studied, namely, the carbohydrates as sources of 
energy and carotene and vitamin A as supplied in feedstuffs for promo- 
tion of normal development and reproduction. The first work was on 
the development and improvement of analytical methods for deter- 
mining the amounts of these various components in some of the feeds 
and forages commonly fed to cattle. As these methods have been 
perfec ted, the digestibility of certain of the carbohydrates in some of 
the feeds has been determined, and the levels of carotene or vitamin A 
required for normal development and reproduction in cattle have been 
studied. Since the use of laboratory methods, once they are perfected, 
will determine the value of feeds much more rapidly and economically 
than will actual feeding tests, special attention is being given to those 
methods. 

D, FUNDS—ANNUAL EXPENDITURES 


Direct expenditures for feeding studies using dual-purpose cattle 
ranged from about $17,000 in 1935 to about $6,000 in 1943, and averaged 
about $7,500 annually. Expenditures ranged from slightly less than 
$6,000 in 1944 to $9,400 in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of the disadvantages to animals of lignin in forage.— 
Lignin, one of the essential parts of the woody tissue of forage plants, 
is not only poorly utilized by animals but also interferes “with the 
digestion of and use of protein, cellulose, and other constituents of 
forage. A successful method for determining the amount of lignin 
in forages and the amount remaining undigested in animal feces has 
been developed. It was found that the lignin content of the forage 
depends on the age and rate of growth of the plant and that the use of 
high drying temperatures in the curing of hay apparently increases 
the lignin content. 

Modifications of a method for determining the amount of reserve 
carbohydrates in plants——This method has been successfully applied 
in studying the carbohydrate reserves of the switchcane plant. These 
reserves were found to be low during periods of rapid growth, and 
overgrazing during those periods can easily kill the plant. Since 
this is a typical for: age plant, the method can be applied to all plants 
used for cattle feed. 

Development of new feed-analysis methods.—New methods have 
been found to be successful in the analysis of feeds and forages and 
in determining the carotene content of green and dried forages and 
a number of feeds. 


F, SOME ADDITIONAL RESEARCH NEEDED 


Application in nutrition studies of a method for determining the 
total available carbohydrates in forages and other feeds.—Successful 
methods of testing protein and fat content are now in use, but a satis- 
factory means of | determining the carbohydrate reserve of plants is 
needed 

Information on mineral supplements.—The role of mineral elements 
in dual-purpose cattle feeding should be investigated since their 
value is evident in other domestic animals. 


NUTRITIONAL DEFICIENCIES OF CATTLE 
(BAI—c—4—-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate noninfectious diseases in livestock, specifically those 
related to nutritional deficiencies of cattle. The current work involves 
the vitamin A requirement of beef and dual-purpose cattle for repro- 
duction and the effects of vitamin A deficiency on growth and devel- 
opment. 


B, CURRENTLY ACTIVE LINE PROJECTS 


c4-2-3—Determination of the relation between vitamin A de- 
ficiency and the reproductive ability of beef cattle. To determine the 
ininimum level of vitamin A or ¢ carotene—from which vitamin A is 
formed in the body—in the cow’s ration that will insure a strong living 
calf; also to determine the level of vitamin A or carotene necessary 
to maintain fertility in bulls. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the relation between vitamin A deficiency and reproductive 
failure in cattle has been in progress since January 1938. The wide- 
spread occurrence of anasarca (watery swelling ‘of tissues) in fat 
cattle in the early 1940’s caused a shift in emphasis to a study of = 
vitamin A requirement of cattle in the feed lot. Later the study v 
extended to include the vitamin A requirement of cows and bulls for 
normal reproduction and the effects, on the calf produced, of various 
levels of carotene or vitamin A intake by the dam. 


D. FUNDS—-ANNUAL EXPENDITURES 


The direct annual expenditures ranged from $5,100 in 1937 to $7,500 
in 1943. The expenditures for 1944 were $6,300; for 1950, $9,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of the cause of anasarca—The cause of anasarca was 
found to be a deficiency of vitamin A in the rations fed to fattening 
cattle in the feed lot. These rations consisted largely of corn and low- 
carotene roughages. The carcasses of the sick animals were watery 
and unfit for use. Cattle producers were shown that the development 
of this disease could be prevented by changing from poor-quality 
roughage to a good-quality well-cured green hay or, if such hay was 
not available, to carotene-rich supplements such as good silage or 
alfalfa meal. If cattle have access to green pasture it is not necessary 
to feed supplemental carotene. As a result of the work, the trouble 
has largely disappeared in the past few years. 

Vitamin A requirement of cows.—By maintaining successive gen- 
erations of cows on constant levels of carotene, the Bureau of Animal 
Industry found that the minimum daily requirement will be met by 
27.2 milligrams of carotene per 1,000 pounds of body weight. How- 
ever, since there are individual variations in animals, double this 
amount is advisable. Cows receiving near minimum amounts of 
carotene produce weak calves that are susceptible to a number of dis- 
eases, whereas cows receiving larger amounts produce vigorous calves. 
Range cattlemen with the aid of suppliers of feed concentrates have 
made practical and efficient use of these findings. 

Vitamin A requirement of bulls—When bulls are kept on low levels 
of carotene, degeneration of the testicle takes place and a high per- 
centage of abnormal spermatozoa are produced, resulting in a lowered 
fertility of the animals. rye no bulls have been rendered com- 
pletely sterile by vitamin « \ defici iency, a number have been unable to 
breed because of loss of condition and sex drive. The exact require- 
ment of this vitamin has not been determined, but the Bureau has 
found it is about the same as that of cows. Asa result of this finding, 
many ranch operators now make it a practice to supply their bull stock 
with carotene-rich feed. 


F. SOME ADDITIONAL WORK NEEDED 


Carotene utilization—Since vitamin A is essential and in many 
cases is supplied in limited amounts, it is necessary that maximum use 
be made of the carotene. Therefore it is important to know which 
feeds tend to increase or decrease the utilization of carotene. 
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Relation of vitamin A deficiency to abortions and retained placentas 
in cattle—Abortions and retained placentas—the material normally 
expelled after the young are born—continue to result in serious losses 
in breeding herds. There is need for investigation of causes of non- 
infectious origin, particularly that of vitamin A deficiency. 

Trade elements—minerals found in minute quantities in the body— 
in relation to poor production.—As some of the common minerals are 
associated with nutritional diseases, it is likely that cattle diseases of 
unknown but noninfectious origin are connected with specific mineral 
deficiencies. Of some of these elements—notably manganese, zinc, 
copper, and molybdenum—the function and importance in animal 
health is not known with certainty. Consequently, there is need for 
investigation along this line. 


RELATIONSHIP OF NurririonaL Facrors 1x tHe Drier ro Necroric 
ENTERITIS IN YounG Pies 


(BAI—c-4-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop a nutritional program for decreasing losses of young 
pigs from necrotic enteritis, also known as necro, an intestinal disease 
that is second only to hog cholera in its disastrous effects. Current 
work is particularly concerned (1) with determining the effect, on 
the incidence of the disease, a single or multiple deficiencies of 
nicotinic acid, tryptophane, and other diet tary factors, and (2) with 
determining the relative importance of dietary deficiencies and 
bacterial infection in the development of this disease. 


B. CURRENTLY ACTIVE LINE PROJECTS 





c43 single or multiple deficiency of nicotinic acid, 
ucpanea eer acid, and other associated dietary factors 
on the incidence of the disease. To determine the interrelationships 
between tryptophane and nicotinic acid, pantothenic acid, and other 
unsuspected factors in the nutrition of growing pigs, and the effect 
of single or multiple deficiencies of these factors on the incidence of 
necrotic enteritis and resistance to Salmonella choleraesuis, the 
bacterial organism present in necro infections. 

c-4+-3-2— Relationship, in swine, between S. choleraesuis infection 
and nutritional factors in necrotic enteritis. Because the necro 
disease has been attributed both to bacterial infection and to faulty 
nutrition, study is being made of the association of choleraesuis 
infection of varying degrees of virulence and vitamin factors that 
prevent or cure the disorder. These studies are made on pigs 
experimentally infected. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1938 it was generally accepted that necro—an important cause 
of stunting in growth and often death = young pigs—resulted from 
intestinal infection with the bacterium S. choleraesuis. About that 
time, however, English workers noted a similar condition in pigs 
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receiving a pellagra-producing diet composed largely of corn and 
were able to effect a cure by feeding small amounts of the newly 
discovered vitamin, nicotinic acid, By 1941 considerable confirmatory 
evidence had appeared, but the identity of this disease with necro 
and the curative properties of nicotinic acid for the latter disease 
were still in question. 

Work on the present project was begun in 1941. Successive phases 
of the study have dealt with the effect of nicotinic-acid deficiency on 
young pigs, the protective effect of nicotinic acid against artificial 
necro infection, and the extent to which the need for nicotinic acid 
is modified by other factors in the diet, such as tryptophane, vitamin 
B,,, and aureomycin. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures have ranged from about $7,000 in 1942 when this 
project was initiated to $13,800 i in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Letermining necessity of nicotinic acid in diet and amount 
required.—I\t has been shown that in the absence of nicotinic acid, 
pigs receiving an otherwise adequate diet develop symptoms of 
diarrhea, impaired appetite, and retarded growth, accompanied by 
high mortality and high incidence of lesions in the colon. By contr ast, 
pigs receiving adequate nicotinic acid grew normally and with certain 
diets were able to survive artificial infection with S. choleraesuis. 
The amount required has been found to vary with the kind of protein 
the pigs receive, and in particular with the amount of the amino acid 
and tryptophane that the protein contains. Pigs receiving a very high 
level of tryptophane need no nicotinic acid as such, since they can 
manufacture their own supply from the surplus tryptophane. When 
the diet contains little tryptophane, nicotinic acid is not effective, 
since the tryptophane deficiency itself leads to growth impairment. 
With most practical rations, however, it has been found that normal 
growth and well-being can be obtained with 5 to 10 milligrams of 
nicotinic acid per pound of feed. These findings have been an 
important factor in establishing the allowance recommended by the 
National Research Council and are now generally accepted and 
followed by feed manufacturers. 

Discovery of ineffectiveness of vitamin B,, and aureomycin in 
nicotinic acid-deficient diet—A\though recently heralded as possessing 
growth-stimulating properties, neither vitamin B,, nor aureomycin, 
a byproduct of v itamin By. 2) In an experiment just concluded, appeared 
to be able to counteract the effect of nicotinic-acid deficiency. 

Detérmined that the infectiveness (pathogenicity) of Salmonella 
choleraesuis may be preserved by the process of lyophilization (drying 
under vacuum) as an invariable factor for a period of 10 years. Hav- 
ing the exposure of infection as a constant factor permits exper imen- 
tation in which variable factors other than the virulence of the infec- 
tive agent may be tested with great assurance that the results will be 
reliable. 
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F. SOME ADDITIONAL WORK NEEDED ' 


Factors affecting resistance of pigs to artificial infection with S. 
choleraesuis.—In certain diets, particularly completely natural diets, 
nicotinic acid has given no protection against artificial infection with 
S. choleraesuis. Research to determine the missing factor is needed. 
One possibility is pyridoxine, which may have a stimulating effect on 
the manufacture of serum antibodies, which are rich in try “ptophane. 
If such is the case and sufficient pyridoxine is available, the trypto- 
phane saved by the feeding of nicotinic acid could be manufactured 
into antibodies. In the absence of pyridoxine, reduced amounts of 
antibodies would be formed and the animals would succumb more 
readily to infection with S. choleraesuis. 

Pellagra-inducing effect of corn.—It las been found that corn has a 
tendency to accentuate symptoms of nicotinic-acid deficiency, probably 
because the protein in this grain is exceptionally low in tryptophane. 
The use of much corn seems to require supplementation with better 
sources of tryptophane and higher levels of nicotinic acid. Since the 
swine industry is largely dependent on corn, obtaining further 
information on this point is of considerable importance. 

Obtaining repeat dly comparable results with diets prepared with 
natural feeds. This needs to be accomplished before a satisfactory 
solution to the problem of necrotic enteritis is obtained. 

Continued studies on development of procedure that will provide 
relatively simple standard tests for the different forms of necrotic 
enteritis and make possible recommendations for specific treatment. 


Improveo MEar Propucrion TuHroucu Continvots Growru or Breer 
CATTLE 


(BAI—RM: b—540—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the effect of interrupted growth of beef cattle, com- 
monly occurring under typical seasonal conditions, on economical pro- 
duction, subsequent development, and quality of products; and the 
efficiency of various rates of feeding concentrates as supplements to 
pasture or forage during growing and finishing, in continuous growth 
or in interrupted and subsequent heavy feeding periods. Current 
work includes fundamental feeding tests at Beltsville with the use of 
twin calves, and feeding tests conducted in other parts of the country 
in cooperation with the States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-540-1—Comparison of continuous versus interrupted 
growth of beef cattle as measured by feed utilization, age effects, 
development, and quality of meat. ‘To determine whether interrupted 
growth leads to losses; when supplementation of pasture is necessary ; 
and the best feeding levels in terms of energy intake for growing and 
fattening beef cattle. To reduce the number of animals ordinarily 
needed in experimental work, a new approach is being taken, namely, 
the use of identical twin calves. 
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RM: b-540-2—Growth and development of steers and heifers under 
different winter and summer feeding. A study of the relative effects 
of different levels of supplemental feeding , during the winter season, 
of cattle kept on the range. . 


C. HISTORY AND EVOLUTION OF THIS WORK 


It has long been recognized that supplemental feeding during 
periods of scarce natural ‘for: age on the range is a major beef cattle 
production problem. Surveys and preliminary studies conducted by 
Departmental agencies in cooperation with several State agencies have 
shown that feed deficiencies play a major part in retarding beef cattle 
production. Under range conditions especially calf crops are often 
less than 50 percent, and “growth of yearlings is less than half of nor- 
mal. The effec ts of cyclic changes in growth rates which occur with 
seasonal variations in forage supply and quality upon the lifetime 
performance of the animal have never been investigated critically. 
In particular, the economic aspects of supplemental feeding to main- 
tain growth at a fairly constant rate have not been studied. The 
Livestock Advisory Committee has strongly urged that studies be 
made of the economic value of the princ iple ‘of continuous growth in 
domestic animals. Because of the recent growth of the beef cattle 
industry and the importance of the subject to that class of farm 
animals this project was initiated with beef cattle in 1949. Other 
classes of farm animals will be considered at some future time. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures under this project for the fiscal year 1950 were $20,900. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
The project has not been in progress long enough to produce results. 
F. SOME ADDITIONAL WORK NEEDED 


Extensive applied tests in beef-cattle production under pasture and 
range conditions will be needed after some of the fundamental facts of 
continuous growth are established by the use of identical twin calves. 
Results of such tests will enable more effective adoption of feeding and 
management methods to actual farm and ranch conditions. 

Continuous growth studies with other species of livestock, particu- 
larly pigs and lambs. To some extent, results from the beef-cattle 
experiments will indicate specific problems to be investigated with 


other classes of livestock. 


CoMPILATION AND Review or INFORMATION ON THE FEEDING OF WHEAT 


To Livestock 
(BAI—RM: a-560—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To collect, review, and summarize experimental data on the feeding 
of wheat to cattle, sheep, horses, swine, and poultry. The purpose of 
this work, which ended June 30, 1950, was to make information on this 
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) subject available to farmers for their guidance and to determine the 
3 type, of additional experimental work | needed to remove conflicts in 
/ opinions and to fill in gaps in information. 


a B. CURRENTLY ACTIVE LINE PROJECTS 


Since this project was of approximately 6 months’ duration, the 
work project serves as a line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


A considerable amount of wheat is commonly fed to animals in 
areas where it is a major grain crop. During periods of wheat sur- 
pluses, it is desirable to divert increased qui mtities to the feeding of 
livestock. No thorough summaries were available on experimental 
findings and general feeding recommendations, and there appeared 
to be a lack of information, with resulting conflict in opinions, as 
to the usefulness of wheat as a livestock feed. Few data are available 
on relative feeding values of different types of wheat. For all these 
reasons, before undertaking additional experimental work, review of 
the subject was begun in December 1949 and continued to June 30, 
1950. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures in 1950 were $4,400. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


This short-time project has simply been a review and summarization 
of information for use in planning action on additional research. 


F. SOME ADDITIONAL WORK NEEDED 


Although much useful data on feeding of wheat have been located 
and summarized, serious gaps in the information have been found, 
rae additional experiments are needed on the place of wheat in diets 

for poultry, swine, cattle, sheep, and other animals, especially as re- 
lated to types of wheat, best levels to include with other feeds, methods 
of preparation, and other points of a nutritional character. 


CAUSE AND PREVENTION OF Deatu Losses Dur tro Wueat Pasture 
POISONING AND OrHerR CAvuses IN CATTLE AND SHEEP PASTURED ON 
GRASSES AND SMALL GRAINS 


(BAI—RM b-332—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the cause and methods of preventing the disease 
known as wheat pasture poisoning or grass tetany, which affects cattle 
and sheep grazing lush pasture, especially wheat. Current work is 
centered on development, through field tests, of improved grazing 
practices as a means of eliminating losses from the disease. 


t 
; 








Scilla les ik a ea ne saat eae 


aca 


oN ia 


LE PRT SS 8 


ate ast 


5 
: 
i 
' 
e 
iy 
: 
| 


iia 








86 AGRICULTURAL RESEARCH AND RELATED SERVICES 


B. CURRENTLY ACTIVE LINE PROJECT 


RM _ b-332-1—Cause and prevention of cattle losses on wheat and 
other pastures, with special reference to wheat pasture poisoning in 
the Texas Panhandle and adjacent areas. To investigate livestock 
losses on winter wheat and other lush pasturage, the nature of the dis- 
turbances in the animal body, and development of grazing practices 
that will eliminate losses. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Losses of cattle grazing winter wheat when there is an abundance 
of moisture have been serious in the winter wheat area of Texas and 
other States. During the 1944-45 grazing season, it was estimated 
that these losses exceeded a million dollars. At the request of ranchers 
and organizations of cattlemen, and on recommendations of Research 
and Ma arketing Act advisory committees, work on this project was 
begun in 1949, with State cooperation. 


D. FUNDS——-ANNUAL EXPENDITURES 


This project was initiated in fiscal year 1949. Expenditures for 
this work for 1949 were $4,000 and for 1950, $17,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISIIMENTS 


Because of the brief period that this project has been in operation, 
together with the fact that a lack of sufficient rainfall resulted in a 
short wheat supply and a consequent curtailment of the grazing 
experiments, no outstanding results have been obtained to date. 


F. SOME ADDITIONAL WORK NEEDED 


Cause and prevention of wheat pasture poisoning.—The cause of 
wheat pasture poisoning is not known; consequently, intensive efforts 
should be made to find the causative agent. Since there is now no 
certain method of prevention, the effect of supplemental feeding, 
changes in management, and other procedures should be investigated. 

Treatment and cure of wheat pasture poisoning.—Intravenous in- 
jection of calcium gluconate, if given in time, will cure the animal. 
How ever, this treatment is rather ‘difficult and other curative measures 
should be investigated. 

Pastures other than wheat as a cause of the disorder.—Other tem- 
porary winter pastures as well as permanent grass pastures are re- 
ported to give trouble. Such possibilities, therefore, need attention. 


Farm Costs AND Returns (Livestock ) 
(BAB—A-1-—23—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and 
chapter 24, Economics of Production) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To measure changes from year to year over a period of years and to 
keep current estims ates of acreage and livestock numbers, investment, 
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costs, and returns on important sizes and types of commercial farms 
in selected major farming areas. Such estimates provide farmers 
and others with information on annual changes in costs and returns in 
farming from 1930 to the present. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-23-3—Farm costs and returns on sheep and cattle ranches, 
Northern Plains. 

A-1-23-4—F arm costs and returns on sheep and cattle ranches, 
Great Basin and Intermountain Region. In each of the above two 
projects data are being assembled separately for cattle ranches and 
sheep ranches. The study of cattle ranches includes analysis of at 
least two sizes of family-operated ranches as well as large-scale 
ranches—those with a large volume of business, operated mainly with 
hired labor and management, with capital requirements in excess of 
amounts usually available to individual farm families. 


C. HISTORY AND EVOLUTION OF THIS WORK 
(See chapter 24, Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See chapter 24, Economies of Production.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
Work on the above line projects is not yet completed. (See chapter 


24, Economics of Production for general statement on accomplish- 
ments. ) 


F. SOME ADDITIONAL RESEARCH NEEDED 
(See chapter 24, Economics of Production.) 


Swine Ma NAGEMENT 


(BAI—b-1-3—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To discover the factors influencing the economical production of 
swine; to determine the value of various pasture plants and com- 
bined pasture plants for these animals; and especially to develop 
improved methods of feeding, management, and sanitation of pigs to 
produce healthy, profitable animals at minimum cost. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-3-1—Investigations of different types of hog-lot equipment 
with respect to cost of production, durability, and practical applica- 
tion in various sections of the country. 

b-1-3-38—Determination of management methods that will reduce 
losses in young pigs. To develop methods of feeding and handling 
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breeding stock to obtain a greater percentage of healthy, vigorous 
pigs that will grow rapidly and economically to market weight. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Swine-management studies, including methods of feeding and sani- 
tation and rotation of pasture crops as they influence profits from 
swine production, were begun at Beltsville in 1918. In 1921 research 
was expanded to determine the effects of immunization of young pigs 
against hog cholera and, at about the same time, to determine the 
effect of age of brood sows on their performance. Continuing atten- 
tion has been directed to the development of desirable hog-lot equip- 
ment, such as self-feeders and_ housing facilities, for growing and 
fattening hogs economically and also for s saving young pigs after far- 
rowing. Likewise, as new crops have been ‘deve eloped, the use of 
pastures as related to sanitation and to reduction of feed costs has been 
studied. 

D. FUNDS—ANNUAL EXPENDITURES 


With management studies financed from funds covering work on 
several lines of research with swine, estimates for early years are dif- 
ficult to obtain. Direct expenditures for all swine husbandry inves- 

tigations ranged from $67,200 in 1923 to $45,200 in 1934 and averaged 
slightly over $55,000 annually. During this period there were ex- 
penditures for three projects (maintenance of station at Beltsville 
and fundamental resarch on animal genetics and nutrition) for which 
no basis for distribution is available now. 'The average expenditure 

for these three projects from 1923 to 1934 was about $92,000 annually. 
The direct costs for swine management research ranged from $4,900 
in 1935 to $13,800 in 1943. Expenditures for this work varied from 
$14,200 in 1944 to $18,700 for the fiscal year 1950. From 1915 to 1937 
special funds were provided for experiments and demonstrations in 
livestock production in southern United States, small amounts of which 
were expended for swine feeding and management investigations. In 
1937 when these special funds were merged with the regular appro- 
priation about $5,000 of the special funds was being spent for swine 
work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The advantageous use of self-feeders for sows and litters during the 
suckling period was definitely shown in experiments conducted at 
Beltsville in the early 1920’s. Both sows and pigs fed by this method 
looked better and were more thrifty than those hand-fed. Pigs in 
the self-fed lots made larger daily gains from farrowing to weaning, 
required less feed per 100 pounds of gain, and reached market w eight 
at an earlier age than pigs from sows hand-fed during the suckling 
period. Self-fed sows were in better condition when they we eaned 
their litters, and 81 percent of those bred settled from the first serv- 
ice in comparison with only 47 percent of the hand-fed sows. Today 
approximately 90 percent of sows on farms are self-fed during the 
suckling period. A resulting saving of $3,000,000 a year in labor and 
feed is a conservative estimate. 
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Determination of a direct relation between birth weight of pigs 
and rate of gains during the suckling and fattening periods.—A study 
involving 1,429 pigs showed that heavier pigs at birth make the more 
rapid gains to market weight. For each pound of variation in birth 
weight there is a corresponding variation of approximately one-tenth 
of a pound in average daily gain from birth to 190 days of age. Also, 
as birth weight increases fewer dead pigs are farrowed. For example, 
about 40 percent of pigs weighing 1 pound at birth were farrowed 
dead as compared with only 6 percent for 3-pound pigs at birth. 
These dead pigs at birth each represent a loss of approximately 100 
to 120 aaah of feed. ; 

Proof that it is good management and cheaper to inoculate young 
pigs against hog cholera while suckling immune sows. The pigs are 
protected at an early age against the disease, and the treatment does 
not interfere with normal growth. In these tests more than 10,000 
suckling pigs were inoculated against hog cholera by the serum-virus 
method. These pigs require much less serum than do weaned pigs at 
considerably less cost to the producer, and receive greater protection 
during the suckling and fattening periods. The practice has been 
widely adopted and is saving swine producers of the country 9 to 10 
million dollars annually in protecting their herds against hog cholera 
losses. 

The use of electric pig hovers in the corner of farrowing pens 
reduces death losses of young pigs by 5 to 17.1 percent, as proved at 
Beltsville. The cost for installation of hover and light wn pay for 
itself in pigs saved during the first season. Widespread adoption of 
the system probably has enabled farmers to save one more pig per 
litter. Use of pig hovers during World War II helped materially in 
meeting increased demands for pork. 


E. SOME ADDITIONAL WORK NEEDED 


Development of systems of management and production, including 
pig hatcheries, that will spread the marketing of hogs over a greater 
portion of the year should help eliminate the present high peaks of 
seasonal runs of hogs. A more uniform curve of supply in line with 
consumer demand should make pork available at a more uniform 
price, thereby encouraging greater consumption. 

Problems relating to milk production of sows.—Methods should be 
devised to bring sows into milk production within the first day after 
farrowing, before the pigs weaken and die. Rations should also be 
developed and methods of management determined for the saving of 
day-old pigs from mothers that have no milk. Information is needed 
on management factors that affect milk secretion and influence the 
quality and quantity of milk as they relate to growth and development 
of the pig. 

Effect of extreme climatic conditions on performance of swine in 
feed lot. Experience shows that extreme heat and cold lower gains 
and general performance of hogs in the feed lot during these periods. 
Experiments under carefully controlled conditions of temperature 
and humidity may aid in the discovery of practical methods of feeding 
and management that may be applied by swine producers to overcome 
such effects. 
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Brrer-CatrLe MANAGEMENT 
( BAI—b—4-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To study the management of beef cattle of various ages in relation 
to season, rates and methods of grazing, and supplementary feeding 
on native and improved pastures. Current work is concentrated on 
determining the effects of various methods of grazing and wintering 
of beef cattle, herd improvement on forest ranges, brush control, and 
similar factors on the yield and quality of the ‘ange forage and the 
gain and market value of the cattle. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-4—3-1—Effect of grazing intensity on capacity of the northern 
Great Plains ranges for sustained beef ‘production. 

b-4-3-2 Development of improved pastures for beef production 
through the use of certain grasses and legumes under management 
practices that are economic ally sound. 

b4+-3-5—Effect of grazing intensity on beef production and on 
plant growth. 

b—4-3-6—Effect of brush control of range on beef production. 

b-4+-8-7— Effect of method of grazing on range beef production 
under southern Great Plains conditions. 

b—-4+-3-11—Improving herd management on forest range in the 
Coastal Plains area. 

b+-3-12— Effect of prescribed burning on range and beef produc- 
tion. 

b—4+-3-14—F inishing 2- and 3-year-old steers on native grass. 


C. HISTORY AND EVOLUTION OF THIS WORK 


First investigations under this project were begun in 1918 in the 
northern Great Plains area. At about this time the Department 
helped to move thousands of drought-stricken cattle to better grazing 
lands in other States. This emergency strongly emphasized the need 
for better management practices to prevent huge losses to the industry, 
and cattlemen sought help in making better use » of their ‘anges. Many 
States joined w ith the Bureau in undertaking studies on the effects 
of different methods and intensities of grazing on the cattle and the 
vegetation, and the best methods of wintering cattle of allages. From 
1928 to 1934 similar investigations were conducted in the Middle At- 
lantic States. In 1933 the project was further extended, when studies 
associated primarily with methods of fat-calf production, including 
creep feeding of calves, were begun in the Middle West and continued 
through 1937. In 1940, in cooperation with the Forest Service of the 
Department, work was carried on in the South with investigations 
similar to those in the northern Great Plains, except that research also 
was made of the effect of burning and logging of grazing areas, and of 
tree growth and reforestation on the forage. From 1941 to the present 
time, management investigations have been conducted in the southern 
Great Plains in cooperation with the Bureau of Plant Industry, Soils, 
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and Agricultural Engineering. These studies are designed to deter- 
mine the effects of methods of grazing, brush control, and grazing 
intensity on the yield, quality, and botanical composition of the range 
forage and on the gain and market value of the cattle. 


D. FUNDS—ANNUAL EXPENDITURES 


With management studies financed from funds covering work on 
several lines of research with beef and dual-purpose cattle, estimates 
in early years are difficult to obtain. Direct expenditures for all beef 
and dual-purpose cattle husbandry investigations varied from about 
$48,000 in 1923 to about $165,000 in 1934, and averaged about $127,000 
annually. In addition, during this period there were expenditures for 
three projects (maintenance of station at Beltsville and fundamental 
research on animal genetics and nutrition) part of which were appli- 
cable to this project but for which no basis for distribution is avail- 
able now. The average expenditure for those three projects from 
1923 to 1934 was about $92,000 annually. The direct cost for beef- 
cattle management he) ose varied from about $22,000 in 1935 
to about $30,000 in 1943. Expenditures for this project ranged from 
about $31,000 in 1944 to $26,800 in 1950. From 1915 to 1937 special 
funds were provided for experiments and demonstrations in live- 
stock production in southern United States, part of which was for 
beef cattle husbandry investigations. In 1937 when these special 
funds were merged with the regular appropriation about $20,000 of 
the special funds was being spent for beef-cattle work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Surveying of beef-cattle management problems in various sections 
of the country.—Surveys begun as early as 1913 and continued during 
the early years of this project were made in the Corn Belt, the Cotton 
Belt, and the western and southwestern ranges. They called atten- 
tion to problems needing investigation and in showing how some of the 
problems were met by successful cattlemen. Decisions as to what 
studies were to be conducted under this project were based largely on 
the results of these surveys. 

Demonstration of increased beef production resulting from im- 
proved pasture management in the northern Great Plains —Experi- 
_ ments mostly with 2-year-old grade Hereford steers showed that a 
_ rate of stocking of about 10 acres per head gave more satisfactory 

results than either 7 or 14 acres per head. Alternate use of the pasture 

(half the pasture grazed the first half of the season and the other half 
the last half of the season, alternating biennially the past used first 
, and last, or alternating the use of the pasture every 28 days) produced 

slightly greater gains both per head and per acre than continuously 
grazed pasture stocked at the same rate. Supplementing the native 
» range pasture, either for the whole pasture period or for the last part 


/ of it, with grain (barley or wheat) usually increased the gains and 


finish of the animals enough to pay for the increased cost of feed. 
; The experiments indicated that the cattle would lose considerable 
) Weight before the principal pasture grasses were injured by close 
) grazing, but that western wheatgrass in particular would give much 
sore yield if saved for winter pasturing than if grazed closely during 
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the summer. Great Plains herdsmen, adopting these practices, have 
materially increased beef production. 

Development of improved methods of wintering beef cattle in the 
northern Great Plains and effects of winter management on subse- 
quent summer gains. Experiments in wintering beef cattle in this 
area have shown that it is generally more profitable to feed in such a 
way that cattle come through the winter in a thrifty condition but 
with only a moderate gain in weight—25 to 50 pounds per head for 

calves and slightly above maintenance for yearlings. Such cattle will 
weigh practic ‘ally as much after grazing during the summer as cattle 
that have gained considerably more during the winter, and the cost 
of wintering will be less. Stocker and feeder calves fed good-quality 
alfalfa hay ‘alone made sufficient gains so that they weighed as much 
the following fall off the summer range as calves receiving cotton- 
seed cake or sil: age in addition to hay. “The experiments also showed 
that it is more economical to winter steers on the range and supplement 
it with a small amount of concentrate per day and with some dry 
roughage in extremely bad weather or when the vegetation is covered 
with snow than to feed them hay in the dry lot. With steers carried 
two or more grazing seasons, it was shown that part of the hay could 
be replaced by good quality str: iw, with resulting reductions in winter- 
ing costs of approximately 30 to 40 percent, without material reduc- 
tion in ultimate size if the steers were marketed off grass in the fall. 
Feeding on a high plane of nutrition, including the use of silage with 
the hay, is a decided adv antage for wintering purposes when maximum 
gains are desired and an early sale of the animals from the feed lot is 
antic ipated. Sorgo silage was as good, if not a little better, than corn 
silage for this purpose and was a much more certain crop in the area. 
Results showed it was not advisable to winter heifers on an extremely 
low level of nutrition since it affected their size at first calving as 3- 
year-olds and the weights and gains of their calves. In wintering 
beef cows on native range, cottonseed cake proved to be a valuable sup- 
plement. However, for economical production, experiments showed 
that its use should be limited to seasons in which range conditions are 
severe. One pound of cottonseed cake fed on the range replaced ap- 
proximately 10 pounds of hay in the feed lot. Calves from cows fed 
cottonseed cake on the range were slightly heavier, both at birth and 
at weaning, than calves from cows that were not so fed. The increased 
value of the calves, however, was not great enough to offset the lower 
feed cost for the cows not fed cottonseed cake except in emergencies. 
Practical application of these findings is being made by beef-cattle 
growers of the area. 

Demonstration of increased beef production resulting from improved 
range management in the southern Great Plains.—Experiments have 
shown that the control of sagebrush on pastures has doubled the profits 
by increasing the carrying capacity, gain per head, gain per acre, and 
selling price of the cattle, as compared with results from sagebrush- 
covered pastures. Feeding a mixture of cottonseed meal and salt to 
steers on native range proved fruitful. It was shown that there was a 
definite limit to the amount of salt cattle would eat, so by using salt as 
the “governor” or means of control of the intake by individual animals 
from feed hoppers on the range, material savings of labor and time 
are effected. Reseeded pastures on abandoned cr opland produced 
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two to four times as much beef as native range. This is of considerable 
economic importance since the increased gain of the cattle makes it 
possible to get this marginal land for crop production returned profit- 
ably to native grass. Gains of beef steers per acre with continuous 
year-long grazing of native range have favored overgrazing but gen- 
erally to a less degree each year. The overgrazed pastures have de- 
clined in vigor and are rev ate to a short- -grass vegetation. ‘The 
conservatively grazed pastures are improving annually and now 
possess an excellent mixture of the taller and more productiv e grasses. 
The alternate grazing of cool-season grasses in winter with native 
range in summer is the only rotation system tried in this area that 
has been cles rly superior to continuous grazing on native range. The 
use of cool-season grasses for winter pasture made possible a material 
saving in the amount of cottonseed cake supplement required. 

Determination 7 desirable rates of grazing for improved pasture 
on the western edge of the Coastal Plain in the Middle Atlantie 
States —There was no significant difference between the — of 
alternate heavy grazing (1 acre per head) and continuous heavy graz- 
ing. C ontinuous light grazing gave a smaller yield per acre, but the 
cattle were usually in better flesh at the end of the grazing season. If 
ania are to make satisfactory gains when heavy grazing is prac- 
ticed, some provision must be made for supplemental feed or pasture 
late in the summer, when plant growth is retarded by hot dry weather. 

Finding that forest areas in the Southeast are usable ‘for cattle 
during reforestation.—Experiments have shown that cattle can be 
raised on either logged or unlogged forest land without seriously 
affecting reforest: no Controlled burning materially increased the 
gains of the cattle | y improving the nature and character of the 
herbage. Although the returns from cattle have not been large under 
such conditions, they enable the owners of the land to get some re- 
turn during the long period of time required for reforestation. 

Determination of methods for increasing returns in fat-calf produc- 
‘ion.—Experiments on the production of fat calves or baby beeves 
have shown a marked increase in the gains of calves fed grain in a 
creep (small enclosure) before weaning. Well-bred beef calves creep- 
fed 4 to 8 weeks before weaning made economical use of the feed given 
them, had a higher selling price, shrank less, and could be put on full 
feed more quickly at weaning time than calves that had had no grain 
during the suckling period. However, experiments in feeding out 
these calves indicate that it is not advisable to creep-feed calves if they 
are not to be sold at weaning or after a relatively short feeding period. 
If they are to be full fed grain after weaning for 168 days or more, the 
advantage from creep-feeding will be lost to a considerable extent. 
The addition of cottonseed meal to the grain ration tended to increase 
the finish of the calves and resulted in higher appraisal values than 
when it was not added to the ration. Grinding the corn used in the 
crain ration instead of feeding it as shelled corn increased the cost of 
the gains significantly but did not materially affect the average rate 
of gain nor the values of the cattle. 


F. SOME ADDITIONAL WORK NEEDED 


To determine the best breeding age of cattle. —Studies thouli be 
made of the appropriate age at which various types of b ef cattle 
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should be bred under varying environmental conditions to give the 
greatest lifetime production of healthy calves. 

To find the most desirable age of weaning.—The weaning age may 
influence the subsequent rate of growth and development of specific 
lines of beef cattle to a point at which veal and beef quality may 
decrease. 

To determine the most profitable and practical methods of manage- 
ment of beef calves during the nursing period —Information is espe- 
cially needed on the effects of frequency of feeding and how early 
salves should be given solid feed to insure growth and useful maturity. 

To investigate new and different methods of managing cattle forest 
land, canebrakes, and swampy areas.—There are large areas, particu- 
larly in the southeastern part of the United States, where efforts are 
being made to raise cattle on land that is unsuitable for most other 
enterprises. However, before this can be done successfully, some 
management problems must be solved involving the supplying of sup- 
plement: ary feeds, the grazing of firebreaks, and the banks of drainage 
canals. 

To study means of increasing the fertility of cattle grazing on forest 
‘k grazed on woodlands, particularly of the Southeast, have, 
in spite of improvements in their feed supply, shown low fertility and 
frequently drop calves only once in 2 years. Reasons for this low 
fertility are not understood and require intensive research. 





Bruce SIS OF CATTLE 
(BAI—c-1-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To provide information leading to the development of improved 
methods for the control and eventual eradication of brucellosis in 
cattle, which is costing the industry about $100,000,000 annually. The 
curtent work is concerned with investigations of ways by which the 
disease can be spread. with special emphasis on artificial insemination. 
In addition, work is being conducted on (1) the persistence of mfection 
and means of elimination, the susceptibility of the various age groups 
of cattle; (2) evaluation of vaccines and other immunizing agents; 
and (3) improvement of diagnostic agents that show promise of _per- 
mitting a wider use at less cost. The search for a better i immunizing 
agent is a continuous process. 


B. CURRENTLY ACTIVE LINE PROJECTS 


~1-1-9—Production and testing of the vaccine known as Brucella 
abortus, strain 19, used to increase resistance to the disease. To de- 
velop methods of controlling the infectiousness, immunizing ability, 
and other properties of strain 19. Since this is a “living vaccine,” 
every effort is made to find means of preserving the viability of 
Brucella abortus, the organism contained in the vaccine. This re- 
search is conducted because all commercially prepared strain 19 vac- 
cines are tested by the Bureau of Animal Industry and supplies of 
the vaccine are produced for experimental use in the field. 

e-1—-1-10—Vaccination for the control of brucellosis of cattle. To 
determine the most reliable method in connection with the use of 
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strain 19 vaccine that will give the greatest degree of protection for 
the longest time: to determime the effects of the vaccine in guinea pigs 
as well as in cattle; to study the efficiency of oe vaccines, suspended 
in various vehicles; and to evaluate a new vaccine prepared from 
strains of Brucella suis (swine type) as an immunizing agent for 
yereeNcOr in cattle. 

e-1-1-11—Brucella antigen. To develop methods of retaining 
sts Ability in the Brucella abortus strain 19 which is used for producing 
antigen; to improve procedures for producing Brucella antigens of 
uniform sensitivity and to standardize the techniques for conduc ‘ting 
the blood agglutination test; to determine the dependability of the 
whey agglutination and milk-ring tests for diagnosing brucellosis in 
cattle, the latter test hav ing shown possibilities of mater ially decreas- 
ing the cost of identifying herd infection. This basic research is essen- 
tial to the brucellosis-eradication program, since cooperating testing 
laboratories are supplied with Brucella antigens for diagnosing the 
disease. Periodic agglutination tests are conducted on identical 
bovine serum samples at each cooperating laboratory to maintain 
uniform techniques and interpretations. In addition, all commer- 
cially prepared antigens are tested in the Bureau for standard require- 
ments. 

c—1-1-12—Brucellosis of cattle in badly infected herds under nat- 
ural conditions. To determine differences in the course of the disease 
occurring in various herds under natural conditions.. This procedure 
has proved successful in obtaining information on the persistence of 
infection, channels through which infection is eliminated, modes of 
transmission, degree of recovery from infection, symptoms, and useful- 
ness of the vaccines. 

e-1-1-13—Bacterial dissociation of changes in characteristics, in 
Brucella strains. To determine the cause of changes in characteristics 
of Brucella strains and the effects of these changes on infectiousness, 
on the immunizing ability, and other properties. Such information 
is extremely important in maintaining reliable vaccines and antigens. 
In addition, efforts are being made to determine the relations hip of 
such dissociation and the variations occurring in the course of infec- 
tion in individual animals and in herds. 

c-1-1-14—Development of improved methods of maintaining 
Brucella stock culture collection. To maintain the strains as nearly 
as possible in their original form since a good stock collection of vari- 
ous Brucella strains is necessary in research on the disease. Indica- 
tions are that desiccating, or drying, Brucel/a cultures will maintain 
the various strains in the form desired. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The causative agent of brucellosis in cattle, Brucella abortus, was 
discovered in Denmark in 1897. With this information as a beginning 
Department research was undertaken in the United States in the ear ly 
1900's, primarily to determine the symptoms of the disease and the 
means by which it is spread. The discovery that the disease was 
spread for the most part at the time of abortion and that infection 
could be contracted through the alimentary tract led to sanitary and 
quarantine measures for controlling the disease. An important dis- 
covery was the isolation and development of Brucella abortus strain 
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19 for the production of the first serviceable vaccine for increasing 
resistance in cattle against brucellosis. Although serum tests for 
diagnosing the disease in cattle had been in use for some time, it was 
not until 1939 that a central laboratory was established for standard- 
izing and producing both plate and tube antigen for use in the brucel- 
losis-eradication program. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first specific appropriation for this research ($50,000) was 
made by Congress for the fiscal year 1917. Direct expenditures varied 
from slightly less than $32,000 in 1923, to about $190,000 in 1943. From 
1936 through 1941 supplemental work was conducted with funds from 
the appropriation made by section 37 of the act of August 24, 1935, 
in order to provide better methods for use in the cooperative field 
program for the eradication of brucellosis (Bang’s disease) of cattle. 
Expenditures under section 37 funds varied from about $13,000 in 
1936 to about $117,000 in 1941. The two projects were merged in 
the fiscal year 1942. Expenditures ranged from about $194,000 in 
1944 to $210,600 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that Brucella abortus (cattle type) and Brucella meli- 
tensis (goat type) are closely related —This finding was the first indi- 
cation, which was later proved, that Brucella abortus as well as 
Prucella melitensis was inifacticaie forman. Now we know that brucel- 
losis in animals is directly responsible for the disease in man. 

Discovery and development of strain 19 Brucella abortus for the 
production of a serviceable vaccine for preventing brucellosis in 
cattle-—This vaccine has helped to increase the resistance in young 
cattle against brucellosis. The use of this vaccine, together with the 
diagnostic agglutination test and sanitary and quarantine measures, 
has aided greatly in the control of the disease. 

Standardization of strain 19 vaccine.—After the merits of strain 19 
vaccine had been established in field and laboratory trials, a central 
laboratory was established in 1940 to standardize the production, test- 
ing, preservation, and use of the product. This resulted in giving the 
cattle industry a reliable immunizing agent and removing question- 
able or useless products from the market. 

Standardization of diagnostic antigens used in conducting the agglu- 
tination test for brucellosis.—A central laboratory was established in 
1939 to standardize Brucella plate and tube antigens and techniques 
for conducting the agglutination tests. This provided uniform anti- 
gens, standard equipment, and specific techniques in all the Federal- 
State laboratories for diagnosing brucellosis in cattle. As a result of 
this accomplishment, a coordinated diagnostic service was available 
to the livestock industry. 

Discovery that the infection may become localized in the genital 
tract of cows and bulls that persistently eliminate the infective 
germs.—Infection has been shown to persist in the genital tract of 
nonpregnant cows as long as 2 years, and these animals are equally 
as dangerous as infected pregnant cows in spreading the disease. 
Bulls with chronic genital infection also have been found to excrete 
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Brucella germs in the semen for at least 2 years. These findings 
demonstrate that all infected animals are potential spreaders of the 
disease to man and cattle, and should not be allowed to have contact 
with susceptible animals. 

Proof that brucellosis in cattle may be spread by artificial insemi- 
nation—The Bureau found that infection was transmitted to cows 
when semen obtained from an infected bull was placed in the uterus. 
Approximately 10 percent of the dairy cows in this country are bred 
by artificial insemination. This relatively new breeding ‘procedure 
could become a means of spreading brucellosis unless there can be 
definite assurance that all bulls used for supplying semen are free from 
the ee An infected bull is capable of spreading infection over 
a wide area in a short time. 

De cihenioetion that strain 19 vaccine and new drugs are ineffective 
in curing cows of brucellosis.—Some of the drugs tested were sulfanil- 
amide, sulfathiazole, sulfadiazine, streptomycin, penicillin, and aureo- 
mycin. None of these nor any other product tested by the Bureau 
have been found to have any curative effect. 


F, SOME ADDITIONAL WORK NEEDED 


Standardization of artificial exposure procedures in cattle for eval- 
uating vaccines.—It has been found that the duration of immunity 
in cattle resulting from the use of strain 19 vaccine varies, in some 
instances, according to where the work was done. The reason for this 
eee lies in variations in the viability of different lots of the 

‘accine, in methods of vaccinating, and other factors. Consequently 
study needs to be given to the following: Development of methods 
for stabilizing Brucella abortus strains and determining the proper 
exposure dose or doses, the desired virulence of the exposure strain 
or strains, and the most desirable method of administration. A knowl- 
edge of these factors should supply a means of obtaining uniform 
results regardless of where the work was done. 

De velopme nt of a laboratory test for determining the susceptibility 
or resistance of cattle to brucellosis—Preliminary research indicates 
that characteristics of the serum of cattle may be used for determining 
degrees of resistance to brucellosis. If a practical test can be de- 
\eloped along these lines, it would eliminate the costly procedure of 
testing the efficacy of immunizing agents on cattle. Such atest would 
also e xpedite the use of new reliable vaccines by the livestock industry. 

Further determination of the spread of bovine brucellosis by artifi- 
cial insemination.—Since Brucella infection has been transmitted to 
cows by injecting infected bull semen into the uterus, transmission by 
other methods—injecting the semen into the cervix and vagina of 
cows—should be studied. All three methods of artificial insemination 
are commonly used. 

Comparison of different methods of vaccination against bovine 
brucellosis.—Several methods of vaccination are now used. Except 
for subeutaneous vaccination (under the skin), there is little or no 
evidence to support their use. However, if the intracaudal injection 
(in the tail) proves reliable, it would facilitate vaccination of range 
cattle. Further research is required to determine the duration of 
immunity and the necessity of repeated vaccination. 
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Development of improved desiccating (drying) procedures with 
relation to living vaccines.—The significance of the work is to decrease 
the initial death loss of strain 19 organisms during the drying process 
and to increase the duration of viability of the vaccine. These results 
would tend to insure the cattle industry of a stable product for immu- 
nizing animals against brucellosis. 

Further research on the adaptability of the whey agglutination test 
jor identifying infected from noninfected cattle—Many adult vacci- 
nated cows, although not infected and, therefore, not spreaders of the 
cisease, give the same reaction to the test as animals that are infected. 
The agglutination test has possibilities of differentiating noninfected 
reactors from those infected with virulent organisms and thereby be- 
ing the means of retaining the former animals in the herd. Moreover, 
by the use of this test it may be possible to identify reactor cattle that 
are no longer excreting the infective agent and save these animals also 
for use in the herd. Further development of this test, therefore, is 
highly important. 





BRUCELLOSIS OF SWINE 
(BAI—c-1-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop effective methods for controlling brucellosis in swine. 
The current work was designed to find a more specific means of diag- 
nosing the disease in individuals so that when breeding animals are 
added to brucellosis-free herds there will be reasonable assurance that 
these animals will not affect the herds. Various immunizing agents 
are being tested in swine to find a product that will increase resistance 
to the infection. Furthermore, the nature of the disease in suckling 
and weanling pigs is being investigated to develop a brucellosis-free 
herd from the offspring of infected breeding swine. 





B. CURRENTLY ACTIVE LINE PROJECTS 


c—1-2-6—Natural channels through which brucellosis-infected swine 
may disseminate the infection and the significance of these sources in 
regard to control practices. To determine how and where Brucella 
suis, the causative organism of brucellosis in swine, is eliminated from j 
the body, and with this knowledge to find means of preventing further j 
spread of infection not only to swine but also to other susceptible 
animals and man. 

c-1-2-7—Relationship of age and sex of the animals and nature 
of exposure to the manifestations of brucellosis in swine. To deter- 
mine the degree of susceptibility of suckling pigs (both boars and 





gilts) naturally exposed to Brucella infected sows; to determine the ‘ 
incidence of infection in weanling pigs that have shown no evidence 4 
of infection after exposure to infected sows during the suckling pe- ; 
riods; to determine the spread of brucellosis from infected weanling 5 
pigs to susceptible pigs of a similar age. Information derived from 


these investigations will be of special benefit to swine breeders desirous 
of maintaining specific blood lines and at the same time help to con- 
trol and eradicate brucellosis. 
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e~1-2-8—Value of biologics in diagnosing brucellosis in swine. To 
investigate materials and methods for diagnosing, preventing, and 
treating brucellosis in swine. Although the present diagnostic agents 
and procedures are adequate for diagnosing infection in the herd in 
general, a more specific means is desirable for identifying infection in 
the individual animal. Further studies of protective and curative 
agents are in progress to develop methods of increasing resistance in 
susceptible swine and if possible for eliminating infection from the 
animal body. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The causative agent of swine brucellosis (Brucella suis) was dis- 
covered in 1914 by Bureau workers but concerted efforts to study the 
disease were not made in the United States until 1941. At this time 
it was observed that brucellosis was causing considerable losses to the 
swine industry in some areas, and this infection was also found in 
dairy cattle. Both of these conditions were responsible for an in- 
creased incidence of human brucellosis. Consequently, emphasis for 
research was placed on diagnosis, methods of spread, character of the 
disease in the different age groups of swine, association of suscepti- 
bility with age and sex of swine, and use of vaccines for increasing 
resistance to the disease. Based on specific facts obtained during this 
relatively short period, a tentative program for the limited control 
of swine brucellosis has been submitted to organizations responsible 
for the control of infectious diseases of livestock. 


D. FUNDS—ANNUAL EXPENDITURES 


A specific project for research on swine brucellosis was initiated in 
the fiscal year 1942. Expenditures have varied from about $25,000 im 
that year to $46,300 in 1950. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discove ry of the swine -ty pe organism (Bruce lla suis), which is the 
specific cause of brucellosis in swine—This was the first demonstra- 
tion that abortion, which is one of the many symptoms of brucellosis in 
swine, was caused by an infectious agent. Brucella suis was the third 
species of the genus Brucella to be identified. It was through this 
discovery that the complexity of the brucellosis problem in man and 
animals became apparent. 

Proof that brucellosis is commonly transmitted from boar to sow and 
vice versa by the act of breeding when infection is present in the re- 
productive organs.—Since brucellosis in goats and cattle is usually 
not transmitted by natural breeding, this finding with respect to swine 
is highly significant in initiating new procedures for the control of 
the disease. 

Discovery ‘that infection in the reproductive tract may become 
chronic in both boars and sows that persistently eliminate the infee- 
tive agent.—The organism causing brucellosis in swine has been iso- 
lated from the semen of a 51-month-old boar infected as a suckling 
pig; also from the vaginas of sows for as long as 36 months. ‘Although 
many swine cease to eliminate the germs from the body, most of these 
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animals cannot be differentiated from those that are spreading the in- 
fection. Therefore, when swine have once shown evidence of being 
infected, they must be considered a potential source of the disease and 
be removed from the herd. 

Proof that swine of both sexes, 6 weeks of age or older, are suscep- 
tible to Brucella suis infection—This finding 1s extremely significant 
since one of the methods of establishing a brucellosis-free swine herd 
of valuable blood lines is to remove offspring from infected sows at an 
early age. Formerly, suckling pigs less than 8 weeks of age were con- 
sidered highly resistant to infection even though running with an 
infected sow. However, the fact that infection has been demon- 
strated in pigs 6 weeks of age will make it necessary to wean pigs at a 
younger age for retention of brucellosis-free swine. 

Discover y that abortion is not the only common symptom of swine 
brucellosis —The belief that abortion was the principal symptom in 
sows affected with brucellosis has been proved false by recent studies 
of the Bureau. Symptoms other than abortions most commonly ob- 
served are farrowing of weak or still-born pigs, inflammation of uterus 
or testicle, temporary or permanent sterility, posterior paralysis, lame- 
ness, anél abscesses on the body or extremities. If any of these symp- 
toms are evident, brucellosis should be suspected and appropriate meas- 
ures taken to prevent possible spread. 

Finding that Brucella abortus strain 19 vaccine is not effective in 
preventing and controlling swine brucellosis —Although strain 19 vac- 
cine has been proved to be a serviceable immunizing agent in cattle for 
the control of bovine brucellosis, this vaccine has been found to pro- 
duce little or no resistance in swine against virulent Brucella suis 
infection. 


F. SOME ADDITIONAL WORK NEEDED 


Development of a more reliable test for diagnosing brucellosis in 

rine.—Although tests have been developed that are sufficiently ac- 
curate for diagnosing herd infection, they have definite limitations for 
diagnosing the disease in individuals. ‘A reliable method that would 
do this would greatly expedite the control and eventual eradication of 
swine brucellosis. Moreover, breeders of purebred hogs need a means 
of testing especially valuable animals to be held as ‘the foundation 
herd. Several approaches toward developing antigens and tests for 
the diagnosis of brucellosis in individual swine show some promise. 
Continued work along this line is urgently needed. 

Determination of the nature and course of brucellosis in suckling 
and weanling pigs.—Since infection has been demonstrated in suckling 
pigs at 6 weeks of age, further work is needed to determine the latest 
age that young pigs can become infected by running with an infected 
sow. If pigs can be nursed by an infected sow for 5 weeks, for in- 
stance, without becoming infected, the owner of a purebred herd 
would have a means of saving valuable blood lines that might other- 
wise be lost. Also the degree of spread of infection from infected to 
susceptible weanling pigs should be determined and the course of the 
disease followed through these pigs in order to develop methods of 
prevention and control in such animals. 

Development and evaluation of a serviceable immunizing agent for 
controlling swine brucellosis —Immunization of swine with a living 
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vaccine produced from a strain of Brucella suis of relatively low 
vitnlande has shown some promise of protecting them against bru- 
cellosis. Although this vaccine is of low virulence in comparison to 
other strains of Brucella suis organisms, too little is known about its 
stability to warrant its use in the field. There is urgent need for a 
living vaccine which exhibits high immunizing qualities and a low 
degree of infectivity. If this cannot be developed through present 
research, efforts will be made to produce a killed vaccine (bacterin) 
which will induce a serviceable immunity in swine against brucellosis. 
The value of any vaccination procedure is to increase resistance in 
swine against brucellosis and therefore reduce the incidence of infec- 
tion in herds. 
TUBERCULOSIS OF CATTLE 


(BAI—c-—2-1—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To develop diagnostic agents and methods of testing cattle for 
tuberculosis that will distinguish tuberculous from nontuberculous 
cattle more conclusively than agents and methods now in use; (2) to 
achieve this objective in current work emphasis is given to improving 
the potency of tuberculins and related products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


2-1-12—Properties of agents, particularly tuberculins and john- 
ing “used to diagnose infections, w Sh the view to preparing more effec- 
tive products. "To dev elop tuberculins that possess increased ability to 
react on tuberculous cattle and to distinguish such cattle from non- 
tuberculous cattle; to develop, by similar means, johnins with in- 
creased ability to react on cattle affected with Johne’s disease and to 
distinguish such cattle from those not affected with the disease. 

¢-2-1- 13—Growth and nutrition of organisms, particularly tuber- 
culosis organisms, of the human, bovine (cattle), and avian (poul- 
try) types. To obtain information on the substances and conditions 
required for the growth of tuberculosis organisms for the production 
of tuberculins of | greatest purity, potency, ~and ability to react on all 
tuberculous animals but not on nontuberculous animals. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The study of the tuberculosis organisms, and of tuberculin, a product 
of this organism, was begun about 1890 because of the increasing 
prevalence of tuberculosis in some of the purebred herds. The first 
investigations were directed toward obtaining information on the 
forms of the organism and its properties; developing, methods of 
separating the organism from infected tissue and growing it under 
artificial conditions ; determining the characteristics of organisms 
from different species of animals; and testing the value of tuberculin 
as a diagnostic agent or as an agent for detecting tuberculous animals. 
When the value of tuberculin was established in 1906, investigations 
were begun to find out if it could be used to eradicate tuberc ulosis i in 
cattle—which was of alarming extent in many places—from a («finite 
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area such as the District of Columbia, where the incidence was more 
than 18 percent. This early work was successful and served as the 
foundation for the Nation-wide campaign, begun in 1917, to eradicate 
tuberculosis from cattle. During the 1930's, as a result of the develop- 
ment of a tuberculin of greater purity and potency than any previously 
known and its adoption for all official testing, the eradication cam- 
paign progressed rapidly. By 1940, less than 0.5 percent of the cattle 
tested reacted to the test. Recent work has been concerned primar ily 
with meeting the needs for a more specific tuberculin—one that will 
cause reactions in tuberculous animals only. 


D. FUNDS—ANNUAL EXPENDITURES 


Direct expenditures for research on tuberculosis ranged from about 
$22,000 in 1923 to about $27,000 in 1935, averaging about $26,000 an 
nually. Direct expenditures for research on tuberculosis, para- 
tuberculosis (Johne's disease), and acid-fast organisms ranged from 
about $27,000 in 1936 to about $24,000 in 1943. Expenditures for this 
research ranged from about $17,000 in 1944 to $27,100 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of the first synthetic culture mediwm that afforded a 
good growth of tuberculosis organisms.—In 1893 a medium was de- 
veloped that contained simple chemical substances instead of com- 
plex extracts of animal origin. It has been of fundamental importance 
in the study of the chemistry of this organism and its products. It is 
the basis of synthetic culture mediums that are used today for pro- 


ducing tuberculins for veterinary use. It is also the basis for cultures 
used to produce tuberculins for the medical profession. 

Establishment of the fact that one form of tuberculosis organism 
affects animals, principally cattle, and that another form affects man. 
This discovery, made in 1895, contradicted the opinions of all recog- 
nized authorities and was of the utmost importance in preventing, con- 
trolling, and treating tuberculosis of man as well as of cattle. 

Conception of a systematic plan to eradicate tuberculosis from a 
definite area.—As a result of the establishment of the diagnostic value 
of tuberculin, in which the Department played an active part, a plan 
was conceived in 1906 of eradic — tuberculosis of cattle from the 
District of Columbia and nearby areas. By 1917 the only tuberculosis 
found in cattle in the District was that brought in by animals from 
infected herds. The success of this work led directly to a Nation-wide 
plan to eradicate tuberculosis of cattle in the United States. Through- 
out the work all of the tuberculins used in official testing were prepared 
according to methods developed by the Department. 

Developme nt of an egg medium for isolation of tuberculosis or- 
ganisms from specimens of sputum and tissue. This medium which 

was perfected in 1901 greatly facilitated the laboratory diagnosis 
of tuberculosis and has been used throughout the world since its 
discovery. 

Discovery that an acid- fast organism resembling tubercle bacillus 
Was responsible for a certain type of skin lesion that causes infected 
animals to give a false reaction to tuberculin. This discovery in 1916 
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has had an important bearing on evaluating the results of tuberculin 
tests. 

Development of anew tuberculin of greater potency and purity than 
those formerly used.—This tuberculin, which was perfected in 1929, 
was derived from cultures grown on a new synthetic medium and in 
field tests was found to detect 10 percent more infected animals than 
the tuberculin previously used. This new tuberculin replaced all other 
types used for official testing, and enough was produced in 1935 to test 
more than 25,000,000 cattle. The annual production since 1936 has 
averaged 10,000,000 doses. By its use the incidence of tuberculosis in 
cattle over the Nation has been reduced to less than 0.2 percent in 1948, 
compared with 4.9 percent when the work was begun. 

Introduction of new and much less costly sources of nitrogen for 
the growth of tuberculosis organisms or synthetic medium.—These 
compounds—ammonium malate and ammonium glutamate—cost $2 
or less per pound as compared with more than $25 per pound for 
asparagine, which previously was the only pure organic compound 
that was satisfactory for use. 

Discovery that some areas of the cow’s skin, particularly the neck 
region, are more sensitive than others to injection with tuberculin — 
This finding facilitated the detection of tuberculous cattle of low 
sensitivity, and the neck, or cervical test, is being used in the field to 
supplement the regular test. 


F. SOME ADDITIONAL WORK NEEDED 


To develop tuberculins of greater potency or to improve present 
test methods, in order to insure detection of all tuberculous cattle.— 
A few tuberculous animals fail to react to the tuberculin used in rou- 
tine testing. Those tuberculous cattle serve as centers of infection 
for otherwise healthy herds. Further, the failure of a diseased ani- 
mal to react may be due to the use of a product of insufficient potency 
or to the physiological condition of the animal at the time of test. 
These problems must be solved to complete the eradication of cattle 
tuberculosis from the United States. 


MastIitTIs tn Catr.e 
(BAI—c—2-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To devise measures for combating udder diseases of dairy cattle and 
reducing the serious losses resulting from such conditions. Current 
work is directed toward determining the causative organisms, their 
means of transmission and attack, the influence of environment, meth- 
ods of diagnosis, and the basic factors responsible for differences in 
resistance or susceptibility of udders with a hope of developing 
countermeasures based on the findings. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-2-2-5—To conduct cultural examinations of micro-organisms 
causing mastitis. To examine milk samples and conduct tests that 
will aid in the identification of the organisms that cause mastitis. 
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c-2-2-6—To investigate drugs intended for the treatment of mas- 
titis. To test various agents intended for treating mastitis. Both the 
agent and the method of treatment will be studied on artificially in- 
fected animals in order to determine what preventive or curative 
properties they may possess. 

Nature, cause, prevention, and treatment of mastitis in cattle —To 
observe under field conditions factors that incite attacks of mastitis, 
to investigate reactions of udder tissues to infection, and to develop 
treatments for udder diseases. 

Causes of variations in susceptibility to mastitis —To determine the 
basic factors responsible for the marked variations observed between 
cows and herds in the susceptibility of their udders to (1) invasion 
by the organisms causing mastitis and (2) active manifestations of 
the disease; to develop improved countermeasures based on these 
findings. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Owing to the prevalence of udder diseases in many dairy herds 
throughout the country, work on the problem was begun in a minor 
way in 1912, was increased to some extent in 1929, and in 1936 and 
1937 was materially expanded as the incidences of these diseases had 
increased, rather than diminished, during the years. During earlier 
vears emphasis was placed on the nature of changes in udder secre- 
tions brought about by the disease, methods of diagnosing the pres- 
ence of abnormal udder secretions, and the kinds of bacteria involved. 
From these studies a number of diagnostic tests were developed, which 
permitted the beginning of research on means for control. ‘These liad, 
as a basis, the identification of affected animals and the determination 
of management procedures that would limit the spread of infection. 
With the advent of new drugs, the testing of these for their effective 
ness against udder diseases received considerable attention. Each 
phase of the research program has helped to pave the way for present- 
day methods that are widely used in coping with the problem. 


D. FUNDS—ANNUAL EXPENDITURES 


Estimates of expenditures for early years are not available since the 
funds were included with those for research on other nonparasitic 
(liseases. Between the fiscal years 1929 and 1941 direct expenses were 
about $11,000 annually from regular funds for this research. In view 
of the increased importance of mastitis additional research was initi 
ated in the fiscal year 1937 with funds appropriated by section 37 of 
the act of August 24, 1935. Expenditures from these funds averaged 
$19,000 through 1941. The projects were merged in 1942. Expendi- 
tures ranged from about $37,000 in that year to $28,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


De velopme nt and application of the Hotis test.—This test, which 
determines whether udders are affected by the presence of mastitis 
organisms in milk has proved to be one of the most practical and useful 
methods for this purpose. It is extensively used by research workers 
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and practicing veterinarians in this country where laboratory facili- 
ties are available. 

Determination that a number of different micro-organisms can pro- 
duce mastitis —Discovery of this fact demonstrated the complicated 
nature of mastitis and stressed the need for strict sanitation as a means 
of preventing the disease. ; 

be velopment of control procedures for use in dairy herds.—As it was 
observed that infections apparently were carried for the most part 
from animal to animal by the milkers, control methods as recommended 
by the Department were aimed at breaking this chain through setting 
up sanitary procedures such as milking healthy stock first. The herd 
owner by adopting such procedures can prevent the spread of infec- 
tion among his animals to a large extent. 

Investigation of the use of new drugs, their application, and evalu- 
ation in the treatment of mastitis —Various sulfonamides were in- 
cluded in these studies as were also gramicidin, tyrothrycin, penicillin, 
bacitracin, and subtilin. The first two were found to be superior to 
all other drugs at the time they were discovered but penicillin has 
since proved to be the most effective. 

The development of staining methods in unpreserved udder tissues 
useful in demonstrating pathological changes caused by mastitis in- 
fections. By these strains, investigators have been able to trace the 
course of the infection in the udder. 

Determination that certain infections enter the udder through the 
‘eat canal and demonstration of variations in the ease with which these 
infections become established in the udders of different animals. 


F. SOME ADDITIONAL WORK NEEDED 


Reasons for variations in natural resistance and means for increas- 
ing it—Marked variation in resistance to udder diseases exists between 
individual animals and between herds. The reasons for the differ- 
ences are largely unknown although inheritance, the state of nutri- 
tion, and digestive ability are among the suspected causes. Study of 
such fundamental factors offers much opportunity for devising means 
for maintaining or stimulating a high degree of resistance. 

Management factors that influence resistance-—There is need for 
increased information on specific phases of management, such as the 
operation and designs of milking machines and housing that may aid 
in reducing the disease. ; 

aoe methods of treatment.—Many infected udders fail to re- 
spond to present-day treatments, thus emphasizing the need for find- 
ing curative agents that will better reach invading micro-organisms 
of the udder. 

Effect of various aspects of the disease on the quality of dairy prod- 
ucts and methods of eliminating adverse effects.—Little research has 
been done on the effect on milk of mastitis organisms from the udders. 
Although milk is considered safe for human consumption if a case of 
mastitis has not progressed too far, methods are needed for eliminat- 
ing from milk any remaining amounts of drugs used in the treatment 
of mastitis that may be detrimental in the manufacture of certain dairy 
products requiring the use of “starters.” ; 
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Swine Erysire.as 
(BAI—c-—2-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the value of the serum-culture method of vaccination 
for swine erysipelas, used principally in the Corn Belt States under 
cooperative Federal-State agreement. The work receiving current at- 
tention is directed toward the production of an effective weakened or 
killed vaccine, and the improvement of methods of diagnosing, or 
identifying the disease. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-2-3-1—Causative agent of swine erysipelas. To induce consisteit 
experimental infection in swine, a necessary step in improving diagnos 
tic and control methods. 

c-2-3—-2—Swine erysipelas in the field: modes of spread and diag- 
nosis. To gather all possible information from erysipelas outbreaks 
that would assist in diagnosing the disease and determining how it 
originates and spreads. 

c-2-3-8—Development of vaccination techniques for the control of 
the disease. To guide the production, use, and evaluation of the serum- 
culture method of vaccination and work toward the possible production 
of either a weakened or a killed vaccine which would offset certain dis- 
advantages of a live-culture vaccine. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Swine erysipelas, a bacterial disease of hogs that has been known 
in Europe since 1880, was not discovered in the United States until 
1920 when investigators of the Bureau of Animal Industry identified 
the organism, The acute form appeared in 1931 and soon began taking 
a heavy toll in the swine-raising States. The treatment first used for 
controlling the disease was known as “hyperimmune serum” and was 
found to give only temporary protection. In 1938 investigators tried 
the European method of vaccination, consisting of a live culture ap- 
plied along with the hyperimmune serum. This gave encouraging re 
sults and led to a Federal-State cooperative agreement under which 
a laboratory was established, in 1941, for the production of greater 
quantities of these biologics for use under authorized conditions. The 
demand for the live-culture vaccine soon exceeded the supply, and its 
production was turned over to commercial laboratories. Since the 
beginning of the control work, more than 18,000,000 animals have 
been vaccinated with satisfactory results. Recent studies by the Bureau 
have included attempts to produce a safer vaccine, preferably a killed 
vaccine similar to one reported to be giving satisfaction in Europe. 


D. FUNDS—ANNUAL EXPENDITURES 
From 1935 to 1941 direct costs for research on swine erysipelas 


ranged from about $4,000 to $9,000. Expenditures ranged from about 
22.000 in 1942 to $14,500 in 1950. 
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BE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Early recognition of the existence of swine erysipelas in this country 
permitted the introduction of measures to control the disease before it 
became troublesome and costly. 

Field observations supplemented by laboratory work have helped 
farmers and veterinarians to recognize swine erysipelas in its many 
forms and to control the disease. 

Establishment of the Federal-State cooperative program of control- 
ling swine erysipelas through the use of live-culture serum method of 
vaccination.—Over a 10-year period the great majority of all healthy 
swine properly vaccinated were protected against swine erysipelas. 
This disease-control program has been recognized as being exception- 
ally noteworthy in that the program was begun with due caution and 
expanded under the workable terms of a memorandum of understand- 
ing between the cooperating States and the Bureau of Animal In- 
dustry. 

Through research techniques, a standard swine-erysipelas serum was 
developed.—lt has been supplied to the veterinary biological labora- 
tories for their guidance in producing a satisfactory antiserum under 
the Virus-Serum Toxin Act, 

Development of a rapid, whole-blood or serum test to be used pref- 
erably in herd testing, rather than on the individual animal, as a 
means of diagnosis. 

Development of an exposure method consisting of the introduction of 
culture into the skin of a pig. This provides a very promising method 
of determining whether an animal is either immune or susceptible to 
swine erysipelas. This is important because, if this ainthod proves 
to be satisfactory, work on testing vaccines will be greatly enhanced. 
Previous attempts to reproduce the disease consistently in swine have 
not been successful. 

Proof that penicillin and streptomycin have marked value in com- 
bating outbreaks of swine erysipelas infection in turkeys. 

Development of techniques for detecting commercially produced 
hog-cholera virus contaminated with the swine erysipelas organism.— 
These techniques are now employed on a routine basis in the admin- 
istration of the Virus-Serum Toxin Act. More than 2,000 lots of 
hog-cholera virus have been examined, of which 41 serial lots were 
found to be contaminated with swine erysipelas organisms and were 
destroyed. 
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F. SOME ADDITIONAL WORK NEEDED 
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he Production of either a weakened or a killed vaccine would be of 


special benefit, as it would eliminate the disadvantages that go with 
a vaccine containing live organisms. Vaccines of this type are used to 
a certain extent in Europe; and, though their value shows much 
promise, much more critical work must be done before they can be 
accepted. 

Development of a skin test for diagnosing swine erysipelas on the 
farm would be a valuable aid to veterinarians in making a diagnosis. 
As this disease occurs alone and is also associated with hog cholera, 
influenza, and even confused with such secondary infections as those 
following castration, there is definite need for some simple test that 
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can be used on the farm. Such a test would permit an earlier diag- 
nosis and avoid losses that might otherwise occur. 

A more complete understanding of the nature of swine erysipely 
would aid greatly in carrying out the present investigations. I, 
vestigators need to know how the disease occurs under natural coi 
ditions, how the organism maintains itself, how it is spread, why 
the infection suddenly appears in the acute form where the disease 
was not previously known to exist, and how the organism operates i! 
swine. If veterinarians knew what causes the various clinical forms 
of swine erysipelas, they would be better able to prevent or check 
its spread. 


MisceLLaANeous Diseases oF Livestock Causep By Bacrerta anp 
Funae! 


(BAI—c-2-5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To maintain constantly a large collection of properly identified 
micro-organisms—those that cause disease and those that do not— 
various types of viruses, and similar material available for scientific 
and educational institutions in the United States and in other coun- 
tries, on request and with proper authorization. A considerable part 
of this collection is related either directly or indirectly to infectious 
diseases of animals and represents one of the few sources of suppl) 
for such material in the United States. In current work, special 
emphasis is being given to the study of anthrax, which kills large 
numbers of livestock each year. Attention also is given to develop 
ing reliable methods for diagnosing, or identifying, other bacteria! 
diseases of livestock and to improving measures for preventing, treat 
ing, and controlling them. These studies include the cause of disease 
resistance to chemical agents, such as disinfectants, manner of spread, 
occurrence in different species of animals, characteristic symptoms 
and lesions produced in infected animals, and prevalence in different 
areas. Earlier work now discontinued was aimed at finding the most 
effective disinfectants and the most effective methods of using disi1 
fectants in controlling and eradicating diseases of livestock. 


B. CURRENTLY ACTIVE LINE PROJECTS 


ce—2-5-2— Maintaining stock-culture collection of disease-producing 
and non-disease-producing micro-organisms. To maintain cultures of 
micro-organisms and viruses on artifici al media or in laboratory 
animals ; “by growing on suitable types of media under proper cond! 
tions and by frequent transfer, cultures are kept alive and ret: ui 
their ability to produce diseases in the animals. To preserve cu! 
tures of micro-organisms and viruses by drying under high vacuwn, 
commonly referred to as lyophilization. To add to the stock colle: 
tion, froma time to time, new strains of viruses of micro-organism 
recently isolated from diseased tissues from different species of an 
mals. Approximately 200 samples of material are being carried 
the stock-culture collection. 5 

c-2-5-4—Spread of anthrax in livestock in the United States. ‘To 
determine the prevalence and distribution of the disease in various 
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areas, its occurrence in different species of livestock, its manner of 
spread, and the factors that appear to influence the prevalence of the 
disease; to assemble, compile, and report yearly the data on the Na- 
tion-wide incidence of anthrax. 


C. HISTORY AND EVOLUTION OF THIS WORK 












Development of control measures for diseases of livestock, such as 
anthrax, blackleg, tuberculosis, and shipping fever, were among the 
early accomplishments of the Bureau of Animal Industry. Investi- 
gations on organisms that cause diseases of livestock began in 1888, 
when reports of serious losses from anthrax were received from several 
States. The Pasteur method of vaccination was used in this early 
work with varying degrees of success, but at about the turn of the cen- 
tury a new serum and vaccine which have been much more effective 
in controlling the disease were developed by Bureau investigators and 
are still in use. Although livestock losses resulting from anthrax 
have decreased in recent years, widespread outbreaks still occur in 
certain areas and many small sporadic outbreaks are reported an- 
nually from widely separated sections of the country. Considerable 
attention is still being given by the Bureau to this problem. Studies 
on possible methods ‘by which tuberculosis, blackleg, and other bac- 
terial diseases are spread were begun in 1912. To carry out this work 
it Was necessary to bay stock cultures of the various causative organ- 
isms for future study. This collection was increased from time to 
time until today it is one of the most complete collections of cultures 
in the world. Some of the cultures are more than 50 years old. In- 
vestigations of methods for controlling shipping fever (hemorrhagic 
septicemia), a serious disease of cattle and sheep, led to the dev elop- 
ment of a prophylactic vaccination that has helped to reduce losses. 
In 1896, effective methods of preventive vaccination for blackleg also 
were perfected by the Bureau investigators. In 1897 the Bureau 
began the preparation and distribution of this vaccine to stock raisers. 
Its distribution has since been discontinued. Investigations of vari- 
ous agents that destroy disease-producing organisms began in 1886. 
As a result, some new disinfectants were developed as were methods 
of testing these disinfectants and dips in the field. 

























D. FUNDS-—-ANNUAL EXPENDITURES 



















Expenditures for early years are not available since they were 
included with expenditures from a fund covering many phases of 
research on nonparasitic diseases. Direct expenditures for all research 
on nonparasitic diseases, except brucellosis, averaged slightly less 
than $79,000 annually from 1923 to 1934. Direct expenditures (from 
regular, special research, and emergency funds) for research on non- 
parasitic diseases, except brucellosis, ‘anged from about $167,000 in 
1935 to about $236,000 in 1941. Expenditures for research on mis- 
cellaneous diseases of livestock caused by bacteria and fungi have 
ranged from about $13,000 in 1942 to $21,600 in 1950. 













E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 







Tsolating, identifying, and maintaining strains of certain micro- 
organisms that have a world-wide recognition as standard strains for 
antigen and vaccine production. Strains of organisms isolated and 
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studied by Bureau workers in the early nineties are still in the collee- 
tion. A notable example of this are the strains of micro-organisms 
that cause tuberculosis and that are used for the preparation of tuber- 
culin, a substance used in testing livestock for tuberculosis. These 
strains of tuberculosis organisms have been maintained for more than 
50 years and are fur nished on request to laboratories in all parts of the 
world. Strain 19 of Brucella abortus, the causative organism of con 
tagious abortion, is a weakened (nonvirulent) immunizing strain 
isolated more than 20 years ago. This important strain is used 
throughout the world for production of vaccine. 

Development of new kinds of culture media and improved methods 
for propagating diffe rent ty pe 8 of bacteria.—These findings have 
facilitated the isolation and maintenance of certain types of bacteri 
and have been of great value in the preparation of vaccines, antigens, 
and bacterins which aid in protecting livestock against bacterial ae 
eases, and which are of far-reaching importance to the control 
certain diseases of man. The studies, carried out in recent vears 01 
such diseases as blackleg, shipping fever, and anthrax, have 1 resulted 
improved methods of preventive vaccination, more effective treatme: 
and better sanitary measures for controlling outbreaks. 

Determination that dr ying under high vacuum is one of the most 
effective methods of preserving the viability and virulence of bacteria 
or suspe nsions of VITUS for long periods ——Cultures of bacteria so 
treated and held under vacuum have remained alive for at least 101; 
years, and certain strains of virus treated in the same manner retained 
their ability to produce disease in animals for more than 3 years. 
This method is a valuable means of preserving certain rare cultures to 
be used later in the dees of protective vaccines or other products. 

Demonstration that one of the vaccines, known as the intradermi: 
spore vaccine, is h ighly ¢ fre ctive against anthrawx—From 1939 to 1950, 
more than 100,000 cattle on Indian reservations have been vaccinated, 
under Government supervision, with intradermic spore vaccine, and 
excellent results have been obtained. 

Discovery of the resistance and other characteristics of the anthra 
organism (Bacillus anthracis) and its spores —The Bureau found that 
the organism and its spores are highly resistant to heat, drying, freez 
ing, and decomposition. The fact that live virulent spores may pass 
into the atmosphere when suspensions of spores are heated and that 
live virulent spores may pass off in vapors removed from spore sus 
pensions during drying under vacuum was also discovered. These 
factors are conducive to the spread of the disease, which is com- 
municable to man, and must be taken into consideration in developing 
measures for the control of anthrax. 

Development of management practices for maintaining the health 
of animals in transit materially reduced heavy losses once suffered 
from shipping fever, a serious infectious disease in cattle and sheep 
commonly called stockyard fever. Prophylactic vaccines, widely used 
as an immunizing agent against shipping fever, also have been ‘devel- 
oped and aid gr eatly, in keeping losses from this disease to a minimum. 

Establishment of effective methods of preventive vaccination har 
reduced the occurrence of blackleg in young cattle toa minimum. Re- 
sults of the use of the vaccine were highly satisfactory against this 
highly infectious disease that usually proves fatal. Losses from 
blackleg were reduced from about 10 percent to less than one-half of 
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1 percent of the number of 
districts. 

Establishment of the dependability of compound solution of cresol 
against various organisms that cause diseases of livestock. Formerly 
the only disinfectants available for use in stock cars were lime, lye, and 
other compounds many of which were injurious to metals, painted 
woodwork, and clothing. 

Perfection of a me thod of producing a new disinfectant known as 
eresylic disinfectant, which is cheaper to produce and more effective 
than compound solution of cresol. This contribution to the livestock 
industry has proved to be a timesaver to both shippers of livestock 
and sanitary officials. 

Discovery of an odorless disinfectant (sodium orthophenylphenate) 
which has little if any poisonous effect on animals in the dilutions used 
but is very effective against disease-producing organisms. It is par- 
ticularly suitable for use in dairy barns where odors are objectionable. 
The disinfectant is now produced commercially and is used extensively. 

Fundamental discoveries regarding relations between chemical 
composition and germicidal activity of disinfectants. These findings 
were of great value in the search for new and effective disinfectants 
and enable fairly accurate predictions to be made concerning the 
value of compounds that have never been tested for their germicidal 
activity against animal diseases. 

Effect of such factors as concentration and temperature on the use 
of disinfectants. These factors have been given fundamental study, 
providing useful information to serve asa cuide i in the practical appli- 
cation of disinfectants used to control animal diseases. 

Development of information regarding the effectiveness of various 
agents in destroying disease-producing organisms such as those of 
anthrax, hog cholera, tuberculosis, Bang’s disease, pullorum disease, 
and Newcastle disease. This information has been of considerable 
value in work to control such diseases. 

Development of the first satisfactory arsenical dip for destroying 
ticks responsible for cattle tick fever (Texas fever), as well as a field 
test for maintaining the arsenical dipping vats at an effective strength. 

The arsenical dip itself, plus the test for maintaining the dipping 
baths at a strength that would destroy ticks but not injure cattle, made 
possible the practical eradication of Texas fever from the United 
Sti ites and opened the Southern States to the industry of cattle raising. 

Development of a field test for maintaining the strength of lime- 

vlfur dipping baths used against scabies of cattle and sheep, thereby 


insuring the effectiveness of such baths against these destructive dis- 
eases, 


‘salves produced annually in the infected 




















F. SOME ADDITIONAL WORK NEEDED 










Because of recent progress in devising new dips and disinfectants, 
further bacteriological and chemical research is imperative if control 
measures are to be kept up-to-date. For example, chlorinated hydro- 
carbons are coming into use against external parasites. Before they 
can be used in official dipping, exact methods of chemical analyses, 
definite specifications, and satisfactory field tests will have to be de- 
veloped. The information to be obtained from such studies is neces- 
sary for uniform success when such products are used for dipping. 
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. 


have come into use to destroy bacteria and viruses. Many of these prod. 
ucts would be useful in disease control work if accurate informatio) 
could be obtained as to their real value under the conditions in which 
they would be used. Until such information is obtained, official pro- 
cedures or regulations will have to be based upon results of research 
carried out before the newer products were developed. 


Further new products, such as quaternary ammonium compounds, 


INVESTIGATIONS OF Hoa CHotera, Swine INFLvuENzA, AND Tuer 
CoMPLICATIONS 


(BAI—c-3-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To find safe and economical methods of effectively protecting hogs 
against hog cholera. The work is immediately concerned with <e- 
veloping methods of protecting hogs against the recently recognized 
variant form of hog-cholera virus. Surveys are made in areas wher 
that form of the disease has occurred and present studies include the 
development of either antiserums or vaccines, or both, that will pro 
tect against all forms of hog cholera. In addition, work of a funda 
mental nature is carried out regarding the properties of hog-cholera 
virus, anti-hog-cholera serum, and hog-cholera vaccines, and also re 
garding the relation of other disease organisms, including viruses to 
hog cholera, and to the complications that frequently accompany 
the disease. The ultimate objective is eradication of hog cholera. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c—}-2-2—- Investigations to determine the cause of hog cholera 
breaks. ‘To determine why hog cholera sometimes develops in pigs 
that have been treated with serum and virus which have passed sat 
isfactory potency and purity tests. Protective measures can then bi 
developed to prevent the present serious losses to hog raisers. 

c-3-2-3—F actors influencing the potency of hog cholera-crysta! 
violet vaccine. To develop more potent and more dependable hog- 
cholera vaccines by discovering the factors that influence potency and 
when discovered to develop methods that will favorably modify thei 
effects. 

c—3—2-4—Effect of combined use of serum and vaccine on the de 
velopment of immunity against hog cholera. To find out whethe 
the advantages of serum alone in producing immunity can be com- 
bined with those of vaccine. Serum is readily effective, but of rela 
tively temporary duration, whereas vaccine affords a relatively pro 
longed immunity but requires time to become effective. 

ce-3—-2-5—Duration of immunity in crystal-violet vaccinated hogs. 
To find the duration of immunity afforded pigs by crystal-violet 
(a killed vaccine) so that appropriate recommendations regarding 
the necessity and frequency of revaccination can be given to producers 
and users. 

c—3-2-6—Immunity of pigs farrowed by crystal-violet-vaccinated 
sows and response of such pigs to vaccination. To determine whether 
pigs farrowed by crystal-violet-vaccinated dams possess a temporar) 








o's, 
let 
Ing 
ers 


ted 
her 
ul \ 















LIVESTOCK 113 






immunity such as is possessed by pigs farrowed by serum and virus 
treated dams, and whether immunity of offspring of crystal-violet 
treated sows interferes, as does the immunity of pigs from serum- 
virus treated sows, with the success of immunization by vaccine. 
Results of this work will be the basis of recommendations to pro- 
ducers and users of vaccines. 

c-3-2-7—Variations between different pigs or between different 
lots of pigs in ability to develop immunity when treated with crystal- 
violet vaccine. To compare the response of different pigs or different 
lots of pigs to vaccination, with the view of finding out why occasional 
pigs or occasional lots fail to develop satisfactory immunity when 
treated by the materials and methods that produce satisfactory 
immunity in 90 percent or more of the pigs. 

c-3-2-8—To determine the role that paratyphoid organisms (Sa/- 
nonella choleraesuis) play in swine diseases. This paratyphoid g germ 
is capable of producing a disease in swine which is similar to hog 
cholera in some respects. It is important to know under what condi- 
tions the disease attacks swine in order to develop better methods of 
prevention and control. 








C. HISTORY AND EVOLUTION OF THIS WORK 





Investigations of hog cholera by the Department began in 1878 
with the establishment of a project to investigate swine diseases. By 
1885 the announcement was made that one of the greatest causes of 
whe? loss was “hog cholera” and that it was caused by a motile bacil- 
lus which was named the “hog cholera” bacillus. These researches 
were generally confirmed. The Department thereupon endeavored to 
develop methods of protection against the hog-cholera bacillus. For 
this work a field station was established in 1901. 

Methods that successfully protected some species of animals against 
the hog-cholera bacillus were developed but failed to protect hogs 
against cholera. This failure led to the suspicion that some other 
micro-organism was responsible in whole or m part for the disease, 
and these suspicions led to investigations that resulted in the discov- 
ery in 1903 that a fatal disease, indistinguishable from cholera, ex- 
isted and was caused by an invisible micro-organism that passed 
through the finest porcelain filters. Thus it was established that a 
filtrable, ultramicroscopic virus was the cause of hog cholera, that 
the hog-cholera bacillus was an accessory, and that hogs which re- 
cover from the disease are permanently immune. 

Attempts were begun in 1903 to produce a serum that would pro- 
tect against the filtrable virus but these attempts were not success- 
ful until 1905 when it was demonstrated that hogs could be pro- 
tected against cholera by means of an antiserum prepared from 
hogs that were themselves immune to the disease and that had re- 
ceived large amounts of blood or virus from pigs sick with the disease. 
This led to the simultaneous serum-virus treatment in 1908 which 
with modifications still is in use today. The use of this method, how- 
ever, introduced complications some of which are still being studied. 
The more important of these were: (1) Injection of serum “which, if 
contaminated, might produce serious losses (in one instance held re- 
sponsible for transmitting foot-and-mouth disease) ; (2) the live virus 
ould introduce hog cholera into healthy herds; and (3) occasionally 
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pigs treated with serum and virus developed cholera or “broke” eve: 
though the serum had passed the required tests for potency. By 
1916 several methods were developed and patented whereby an w 
contaminated serum could be produced. 

In 1935 a method of preventing cholera with vaccine was developed 
and patented and further improved in 1945 (United States Patent 
No. 2,369,767). This method avoids the use of live virus and is thus 
ine ap: able of producing hog cholera. 

Post-vaccination troubles or “breaks” have occurred following thie 
use of the serum and virus treatment and much work has been devoted 
to an investigation of the cause. In 1949 and again in 1950 a variant 
of the regular virus was determined to be the cause of some of thes 
“breaks.” 

D. FUNDS—ANNUAL EXPENDITURES 


Direct expenditures for hog-cholera research averaged about $26,000) 
annually from 1923 to 1943. ‘E xpenditures ranged from about $28, 
in 1944 to $70,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


re he discove ry that the in jection of hei led Cc ulture S of bacte raw 
sometimes capabl of produci ing immunity against the correspondi) 
dine ase was made in 1885—86.—The discover y, occurr ing in connectio! 
with work on hog cholera, is of fundamental importance in the science 
of immunology and is the basis of the use of killed cultures for pro 
tecting against certain diseases of humans as well as of livestock 
Examples of such diseases in humans are Asiatic cholera, typhoid, a 
whooping cough. Examples in livestock are anthrax, blackleg, paste 
rella infections, and shipping fever. The production of bacterins 01 
sterilized cultures for use in preventing disease has become an impo! 
tant industry, the production for livestock alone amounting to 
236,907,000 cubic centimeters for the year 1949. 

The discovery that a filtrable virus is the causative agent of ho 
cholera opened a new field for investigating that disease and led di 
rectly to the development of me thods of preve ntion.—The discove ry ot 
anti-hog-cholera serum afforded swine raisers the first and for many 
years the only method of protecting their hogs against the most devas- 
tating livestock disease of the country. This disc overy came only in 
the nick of time. The disease reached a peak when as high as 13 per- 
cent of the hogs in the country sickened and died. E stimated losses 
ran as high as $65,000,000 a year. Many farmers were quitting the hog 
business entirely. The method was soon accepted in all countries of 
the world. The discovery enabled farmers for the first time to protect 

their hogs against cholera. 

The method of immunizing hogs against cholera by the simultaneous 
serum-virus treatment was patented in 1908 (United States Patent No. 
$23,110), was dedicated to the public, and has been used in all countries 
in which cholera is present. Another important industry was founded 
on this discovery, the purpose of which is to provide swine raisers wit! 
anti-hog-cholera serum to protect their hogs against cholera. During 
the year 1949 about 31 commercial plants produced 1,232,394,000 cubi 
centimeters or enough to protect about 34,000,000 hogs. 
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The deve lopme nt of a method of producing a clear serum that can be 

pasteurized eliminated the possibility of spreading other diseases by 
treatment with it— By this method, freshly drawn hyperimmune 
blood is used in producing anti-hog-cholera serum which has become 
more extensively used until in 1935 practically all serum was made in 
this manner. It is now mandatory for all serum to be pasteurized. 

A vaceine that is incapable of producing hog cholera, but which af- 
jords protection against the disease, was developed in 1935 and pat- 
ented.—The product of the process as originally developed was fre- 
quently contaminated with bacteria, and a process for producing a 
sterile vaccine was devised and patented in 1945. This vaccine has 
been in commercial production since it was patented and is now exten- 
sively used in this and in many other countries. Because the vaccine 
is incapable of introducing or spreading hog cholera, it is safe to use 
and offers a possible means of eventually eradicating the disease. 

| variant form of hog-cholera virus was discovered in 1949.—The 
discovery of this variant offers the first definite explanation of this 
very important “post vaccination” trouble and also offers a promising 
opportunity to develop methods of preventing some of the breaks that 
occur When hogs are tres ited with serum and virus. A method of prop- 
agating the virus has been found and means of detecting the presence 
have been developed, but are not as yet adapted to routine commercial 
or field use. Producers of virus, farmers, and veterinarians have been 
kept informed of the progress of the work. When using the serum- 
virus treatment, the best safeguard so far found against the variant 
form of virus is to treat pigs before we: aning and to use doses of serum 
larger than those previously recommended. 

Other fundamental contributions to the knowledge of hog choleva 
were made as a result of inve stigations carried out regarding the nature 
and properties of the hog-cholera virus, modes of transmission, effi- 
ciency of different disinfectants against the virus, methods of diagnosis 
and prevention. It also has been determined that the virus can pro- 
duce cholera in doses as small as one five-millionth cubie centimeter. 


































F. SOME ADDITIONAL WORK NEEDED 





To develop anti-hog-cholera serums that will afford complete pro- 
tection in economical doses against all forms of hog-cholera virus.- 
The presence of a variant in hog-cholera virus has complicated the 
serum-virus method of treatment and has been responsible for heavy 
individual losses on farms for the last 2 years. An increased dose of 
regular serum will probably give some protection against the variant 
virus but the amount of increase needed will differ with different 
serums and viruses. Furthermore, the use of increased doses will add 
greatly to the farmer’s cost of protecting his pigs. This will require 
the development of practical, rapid, and economical methods of detect- 
ing and propagating the variant virus and of preparing and testing 
anti-hog-cholera serum. 

Additional knowledge is needed to understand why regular virus in- 
jected into some pigs undergoes this change that produces the vari- 
ant.—Until this problem is solved, the variant promises to remain a 
costly factor in cholera control. 

To develop vaccines or methods of using vaccines that will afford an 
immediate and lasting immunity against all forms of hog cholera. 
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Crystal-violet vaccine has two disadvantages. First, it does not pro 
duce an immediate immunity against hog cholera. Second, a smal! 
percentage of hogs vaccinated fail to develop a lasting immunity 
These disadvanta ges will have to be overcome before the vaccines can 
be fully relied upon under all circumstances. 

The ultimate aim is to eradicate hog cholera-—Before the disease 
can be eradicated research must be undertaken to determine what 
inethods can best be applied. Some countries, such as Canada and 
Australia, maintain freedom from cholera through eradication meas 
ures. No country, however, has undertaken such a program where 
the disease has been endemic for years as it has been in the United 
States. We know the disease can be transmitted through meat ser: Ups. 
We need to know how and why, with particular reference to garbaxe 
fed swine as a trouble spot for reinfection. How vaccines could | 
used in connection with an eradication is still another area of research 
needing exploration. Since the disease costs farmers of this country 
nearly $30,000,000 a year in immunization costs alone, certainly every 
avenue of eradication should be thoroughly explored. 


Inrectious ANEMIA IN Horses anp Mcu.es 
(BAI—c-3-3—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop reliable methods of detecting infectious anemia and 
improved measures for its control. The current work is especially 
concerned with obtaining dependable laboratory diagnostic tests, an 
effective method of vaccination, m3 a specific form of treatment. In 


addition, to obtain information leading to the development of 
improved measures for controlling a disease, studies are under w: Ly 
on the nature and properties of the causative agent (a virus) with 
respect to its resistance to heat, cold, drying, disinfectants, and other 
agents; its persistence in horses; its adaptability to different species 
of animals; and its manner of spread. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-8-3-3-4—-Curative treatment for the disease. To discover a 
medicinal agent for the treatment of infectious anemia in horses and 
mules. This agent, to be effective, must alleviate the symptoms, have 
a favorable influence on the course of the disease, and destroy the virus 
in infected animals, 

ce-8-3—5—Nature and properties of the causative agent. To deter- 
mine its action on the animals affected, its persistence in carriers of 
the disease, its resistance to outside influences, and its common method 
of spread. 

c—3-3-6—Immunizing agents that will protect animals against 
infectious anemia. To develop an effective vaccination procedure 
that will protect horses and mules in areas where the disease is known 
to exist and that will serve as a general control measure. 

c—3-3-7—Use of serums in detecting infectious anemia. To perfect 
a reliable laboratory test for detecting all forms of the disease. 
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C. HISTORY AND EVOLUTION OF THIS WORK 















Infectious anemia is a widely distributed disease of horses and 
mules that sometimes has caused considerable losses in certain sections 
of the United States. In cooperative and independent studies of the 
disease from 1906 to 1917 the Bureau obtained considerable informa- 
tion on its nature. However, studies were discontinued in 1917, when 
there were comparatively few cases of the disease. Ten years later, 
infectious anemia had again assumed alarming proportions in some 
parts of the country and the work was resumed. Since that time 
effort has been directed to obtaining information on the nature of the 
causative agent, the effects of chemicals and heat on the virus, the 
modes of spread, and the control of the disease. Thus far no effective 
cure has been found for the disease. 


D. FUNDS—-ANNUAL EXPENDITURES 





























Estimates of expenditures tor this work in early years are difficult 
to obtain since the funds are included in over-all expenditures for 
infectious and noninfectious diseases. Direct expenditures for this 
work varied from about $15,000 in the fiscal year 1936 to about $17,000 
in 1943. Expenditures ranged from about $10,000 in 1944 to $10,800 
in 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Preventing the distribution of contaminated horse serum, tissues, 
or similar products, and thereby lessening the danger of spread of 
infectious anemia, may be credited to Department activities. As it 
has been established that the virus in horse serum or tissues can be 
destroyed by the action of certain chemicals or by heat, all such prod- 
ucts are now required to be so treated in all establishments operating 
under Government license. 

Finding that the disease may be spread by very small doses of virus; 
by milk from infected mares and by semen from infected stallions; by 
infected mares to their offspring; by external parasites including 
biting flies and mosquitoes; by long, continuous, intimate contact; by 
infected “carrier” horses. The last mentioned make an apparent 
recovery after being affected by the disease but it has been found that 
some remain carriers for more than 14 years. They probably consti- 
tute one of the most common sources of the virus in nature and are 
one of the chief causes of the perpetuation of the disease. Further- 
more, it has been found that the virus has considerable resistance 
against disinfectants, heat, freezing, and drying. Recommendations 
for the control of this malady based on this knowledge have greatly 
reduced its occurrence among horses in establishments where these 
animals are kept for furnishing blood or serum for use in vaccines 
or similar purposes, among horses in army remount stations, and 
among those in breeding stables. 

Development and improvement of methods for making field diag- 
noses based on the history, symptoms, blood examination, autopsy, 
miseroscopic structure of tissues, and inoculation tests, have been of 
great value in the diagnosis of suspected outbreaks. For example. 
(uring the summer of 1947 livestock sanitary officials requested as- 
sistance from the Bureau in investigating an outbreak of disease in 
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race horses. The disease, which had been undiagnosed for several] 
weeks, was promptly and definitely diagnosed as infectious anemia. 
Before the diagnosis, this outbreak appeared as a definite threat to 
the thoroughbred horse industry in the United States. It was checked 
and prevented from spreading to other areas by measures outlined by 
the Department for its control that were promptly put into force by 
the State livestock sanitary officials. Therefore, prevention of its 
spread is as yet the principal measure in its control. 


F. SOME ADDITIONAL WORK NEEDED 


Development of a reliable laboratory test such as the complemen: 
fixation test, and use of a suitable laboratory animal for detecting in 
fected horses or mules.—No systematic control program can be unde: 
taken on a large scale until a definite means for diagnosing chronic 
carriers is developed. 


MisceLLangous Virus Diseases (Rapies, SLEEPING SICKNESS IN 
Horses, AND VestcuLar Diseases) 


(BAI—c-—3-—5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the causes, means of spread, and methods of contro] 
of miscellaneous virus diseases of livestock. Current work on virus 
diseases, other than those covered by specific work projects, is con 
cerned particularly with those prevalent in the United States, the 
most important being rabies in various species of animals, and sleep- 
ing sickness in horses; diseases that threaten to become prevalent ; and 
those, such as vesicular stomatitis and vesicular exanthema, that are 
difficult to differentiate from foot-and-mouth disease. The work on 

rabies involves assistance in the development and prosecution of a 
naa program for control of the disease by collecting information 
on its Nation-wide incidence and distribution, and by conducting 
diagnostic studies. Data on the number of cases in various species of 
animals are gathered and published annually. The current labora- 
tory work on rabies consists of a limited amount of routine diagnosis 
serving areas adjacent to Bureau of Animal Industry laboratories, 
and studies on special cases from different parts of the United States 
and territories where assistance in diagnosis is needed. The purpose 
of the projects on sleeping sickness in horses (equine encephalomyelli- 
tis) is to assist in the control of the disease by collecting 5 a on inci- 
dence, distribution, and other aspects and by ‘laboratory examinations 
to determine the types of virus responsible for different outbreaks so 
that the right type of preventive vaccine can be used. 


B. CURRENTLY ACTIVE LINE PROJECTS 

e-3-5-3—Identification of viruses occurring in outbreaks of vesic 
ular diseases. To determine the nature and cause of vesicular dis 
eases, symptoms of which resemble foot-and-mouth disease, in order 
that immediate measures of eradication may be taken if they prove 
to be foot-and-mouth disease. 
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c-3-5-4—Immunity to vesicular stomatitis. To determine the con- 
ditions and duration of immunity to vesicular stomatitis in exposed 
animals, and to maintain an adequate stock of susceptible and im- 
mune animals of various species for use in exact diagnosis of diseases 
resembling foot-and-mouth disease; to develop improved laboratory 
tee hniques for the diagnosis of vesicular diseases. 

c-3-0-5—Laboratory diagnosis, determination of incidence, and 
control of rabies. To develop improvements in diagnostic methods 
used during routine rabies examinations, and to collect information on 
the incidence of the disease in the various States for use in its control. 

c-3-5-6—Accumulation of data on occurrence of sleeping sickness 
in horses. To obtain and disseminate, each year, information on the 
distribution, prevalence, mortality, and other features of the disease 
for use in applying control measures from one year to the next. 

c-3-5-T7T— Determination of types of virus causing sleeping sickness 
in horses; study of causes of other brain diseases of animals. To iden- 
tify the type of virus in different outbreaks of sleeping sickness in 
ae to determine the type of vaccine required to control the disease ; 
also to check on the presence of other viruses in animals that might 
require investigation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Final eradication of the outbrei aks of foot-and-mouth disease that 
occurred in 1914-15 and 1924-25 was complicated by the occurrence 
of diseases with similar symptoms. One of these diseases—vesicular 
stomatitis—was proved to be caused by a filtrable virus different from 
that of foot-and-mouth disease. Two different types of the virus have 


been identified in numerous scattered later outbreaks of the disease in 
attle, horses, and swine. Again, following eradication of foot-and- 
mouth disease in 1929, still another vesicular condition resembling 
that disease was identified. This virus disease—vesicular exanthe- 
ma—with at least four different types of virus, has persisted despite 
two extended campaigns to eradicate it. Whenever a disease of vesic- 
ular nature occurs, it becomes necessary to determine the exact 
character of the disease and whether it is foot-and-mouth disease. 
Laboratory diagnoses of rabies have been made as a part of the gen- 
eral disease- investigation work since the early 1900’s. The first step 
in the control of the disease was taken in 1916 when studies on the 
development of rabies vaccines for dogs and other domestic animals 
were begun. Later, in 1957, stand: ardization of methods to determine 
the potency of the vaccines was undertaken and, at about the same 
time, the annual collection of statistics on the Nation-wide incidence 
of the disease. Cooperative efforts are now being made with inter- 
ested Federal agencies, livestock sanitary officials, public health offi- 
als, and the general public to develop a national program for the 
ontrol of the disease. 

The study on sleeping sickness in horses began in 1932 when a strain 
of western-type virus was recovered from a horse in the Middle West. 
The next year the distinct “eastern-type” virus was identified from 

horses that died of the disease in the East. To determine whether the 
‘lisease might be spread by insects, experiments were begun in 1935. 
At the same time, attention was directed to control measures by studies 
on formaldehyde-treated brain tissue vaccine. These played an im- 
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portant part in the development of chick-ebryo vaccine, which is the 
product now used for preventing the disease. Since 1935, compila- 
tions on the Nation-wide incidence of the disease have been ‘publishe d 
annually, and knowledge of the distribution of the two types of in- 
fection has been kept current. 


D. FUNDS-—-ANNUAL EXPENDITURES 


With investigations of miscellaneous virus diseases financed from a 
fund covering many nonparasitic diseases, estimates for early years 
are difficult to obtain. Direct expenditures for all research on non- 
parasitic diseases except brucellosis averaged slightly less than $79,000 
from 1923 to 1934. Direct expenditures (from regular, special re- 
search, and emergency funds) for research on nonparasitic diseases 
except ’ brucellosis ranged from about $167,000 in 1935 to about $236.- 
000 in 1941. Expenditures for research on miscellaneous viruses have 
ranged from about $25,000 in 1942 to $42,000 in 1950. 


E. EXAMPLES OF OUSTANDING ACCOMPLISHMENTS 


Recognition of vesicular stomatitis as a specific disease and deter- 
mination of the existence of two distinct types of the virus causing 
this disease have been of inestimable value in safeguarding the live 
stock of the country and in the repeated discovery and eradication of 
foot-and-mouth disease. Both vesicular stomatitis and vesicular ex- 
anthema occur sporadically nearly every year in the United States, 
but they are generally much less severe economically than foot-and- 
mouth disease, and they have not involved great areas nor large num- 
bers of animals at any time. 

Data on the incidence of rabies in man and animals, compiled since 
1938, serve to emphasize the relative importance and seriousness of 
the disease and the need for a coordinated national program directed 
toward its eventual eradication. This information also has been of 
assistance in the control of the disease. 

Development of an effective vaccine for preventing sleeping sickness 
in horses was due largely to the Bureau of Animal Industry. Horses 
and mules constitute a potential reservoir for propagation of the 
virus, which is infectious for man. Control of the disease in animals 
lessens the danger of its occurrence in man. 

Accumulation of data annually on the Nation-wide incidence of 
sleeping sickness in horses——Information on the areas in which the 
two types of virus are prevalent and the time of year in which out- 
breaks occur in the different areas has been of much benefit in con- 
trolling the disease. 


F, ADDITIONAL WORK NEEDED 


Continuing investigations of diseases occurring in livestock are 
needed to identify new types of virus infections, to clarify the causes 
of obscure conditions, and to detect the spread of previously insignifi- 

cant infections and the occurrence of foreign animal plagues that m: LY 
jan entrance into the United States. The shift in emphasis from 
one disease to another and the decrease or increase of work on a par- 
ticular disease are dictated by the needs at the time. 
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Development of improved laboratory and field procedures for diag- 
nosing vesicular diseases.—Present techniques for diagnosing the 
vesicular diseases are based primarily on the inoculation of different 
species of animals, both susceptible and immune, against vesicular 
stomatitis, for example. These procedures are time consuming and 
expensive, particularly since large animals such as cattle and horses 
are required. Preliminary work indicates that the complement-fixa- 
tion test, resembling that used for diagnosis of syphilis in man, has 
great possibilities for speeding up diagnosis of different types and 
strains of viruses of the vesicular diseases. The goal of continued 
studies is the establishment of the most highly efficient means of 
diagnosis for routine application in connection with field investi- 
gation. 


















NONINFECTIOUS DISEASES 
GOATS, 


MISCELLANEOUS or Horses, Carrie, SHEEP. 


AND PouLTry 





(BAI—c-4—4—Federal—Regular Funds) 










A. PURPOSE AND NATURE OF CURRENT WORK 
























To determine the nature and cause and to develop methods of 
preventing and controlling noninfectious diseases and abnormal con- 
ditions that cause losses and unproductivity of domestic animals. 
The current work is directed particularly to determining causes of 
infertility in cattle and finding methods of preventing it through 
treatments, Management, and ‘sanitation. Studies are also being 
made of diseases caused by stock-poisoning plants, nutritional de- 
ficiencies, and inherited defects. Work is being done to develop new 
and improved methods for identifying diseases of unknown or ob- 
scure cause. 





B. CURRENTLY ACTIVE LINE PROJECTS 





c4+4+-2—Sterility or lowered fertility in cattle. To determine the 
extent, cause, treatment, and preve ntion of lowered fertility in cattle. 

c-4+-4-6—General laboratory diagnosis, or identification, of dis- 
eases and abnormal conditions of animals. To provide general labo- 
ratory diagnostic service required in conducting research, and as a 
foundation for making recommendations to producers and others 
regarding the prevention and control of livestock diseases. 


C. HISTORY AND EVOLUTION OF THIS WORK 





Because of the fundamental nature of laboratory diagnosis, the 
development of facilities for diagnosing, or identifying, a disease 
began simultaneously with the investigation of contagious diseases 
of livestock. Some of the diseases that were discovered and identi- 
fied eventually became separate research projects. Examples of 
these are swine erysipelas, brucellosis in swine, and X-disease 
(hyperkeratosis) of cattle. Identification and determination of the 
importance of the noninfectious diseases were begun in 1896 with 
studies on a fibrous condition (cirrhosis) of the liver in horses. The 
nature of the work varied as other disease problems arose. These 
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included losses in livestock due to grazing near copper smelters, tox 
icity of animal feeds grown on soils containing selenium, a bone dis 
ease (osteoporosis) of horses, moldy-corn poisoning of horses, chroni 
progressive pneumonia of sheep, goiter in domestic animals, tumors 
of domestic animals, and factors in bull semen related to infertili ity. 
Lately, there has been increased recognition of losses due to inferti] 
ity and of the need for more work on 1 this problem. This fact led to 
studies that now are being made on so-called repeat breeders and on 
cows that fail to come in heat. In recent years emphasis has also 
been placed on gathering data on cancer in animals as a part of the 
national cancer research program. 


D. FUNDS—ANNUAL EXPENDITURES 


With investigations of miscellaneous noninfectious diseases financed 
from a fund covering many nonparasitic diseases, estimates 
for early years are difficult to obtain. Direct expenditures for all 
research on os irasitic diseases except brucellosis averaged slight|) 
less than $79,000 annually from 1923 to 1934. Direct expenditures 
(from aah ar, special research, and emergency funds) for research 
on nonparasitic diseas ses except brucellosis ranged from about $167,000 

1 1935 to about $236,000 in 1941. Expenditures for research on mis- 
casa noninfectious diseases have ranged from about $14,000 in 
1942 to $34,600 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


BF vention of undue livestock losses in areas adjacent to coppe) 
c/ters caused by contamination of the forage with flue dust co: 
taining arsenic. In areas where such flue dust has been eliminated 
heavy losses have ceased, 

P oof that so-called alkali disease is caused by feeding for ye 
and grain grown in areas where the soil contains excessive quantities 
of selenium, as in certain parts of some western-range States r 
stricted use of selenium-containing forage or grain crops has re 
duced losses of this kind. 

Determination of the extent of infertility in commercial 
herds and the effectiveness of improved husbandry practices in con- 
trolling this trouble. More than 40 percent of the cows in 11 average 
herds that were studied developed breeding trouble. The two most 
important causes were failure to come in heat and failure to conceive 
when bred. Significant improvement was obtained following adop 
tion of improved husbandry practices, such as use of proved diseas 
free sires, proper nutrition of the herd, and supervised breeding 
programs. 

Diagnosis of new diseases—In the routine diagnosis of misce! 

laneous diseases, a number were recognized for the first time, includ 
ing valley fever (coccidioidomycosis) . brucellosis, and a kidney dis- 
ease in young pigs. The first identification of swine erysipelas i 
the United States came about in this way. Assistance has been giv: 
to Federal, State, and local governmental agencies, agricultur: al in 
stitutions, practicing veterinarians, and farmers in identifying dis 
ease conditions that could not be done with local facilities. 
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F. SOME ADDITIONAL WORK NEEDED 
















Identification in cattle of specific causes of sterility or lowered 
fertility, characterized by failure to conceive. Determination of the 
role of infections and improper endocrine (glandular) functioning 
would make possible more effective measures for prevention and treat- 
ment. 

Investigation of new diseases that are frequently appearing as a 
result of changing methods of livestock production. Sich investi- 
gation is essential for developing methods of prevention and control. 


ANAPLASMOSIS OF CATTLE 


(BAI—c-5-1—Federal-State) 





A. PURPOSE AND NATURE OF CURRENT WORK 























(1) To develop procedures for improving and standardizing the 
blood test for diagnosing anaplasmosis, a disease of cattle prevalent in 
32 States and fatal in 25 to 60 percent of the cases; (2) to discover 
and eliminate the carriers of anaplasmosis in valuable herds; (3) to 
test blood serum samples from reactor cattle at varying intervals after 
treatment by the use of drugs said to be capable of destroying the 
carrier state of the disease; (4) to improve the process of preparing 
anepladmonts antigen for use in a diagnostic test and to develop a 
method of standardizing the antigen; (5) to pool sufficient diagnostic 
antigen of standard quality for use in testing of serum samples from 
cattle over a period of 2 or 3 years. The current work is particularly 
concerned with developing a technique that will yield uniform antigens 
of maximum strength for use in the diagnostic test. It is also impor- 
tant to develop a storage system capable of maintaining the strength 
of the antigen for an indefinite period. In addition, ‘investigations 
are being conducted on two other blood diseases of cattle that compli- 
cate the process of antigen production. 


B. CURRENTLY 





ACTIVE LINE PROJECTS 





e-5-1-7—Anaplasmosis infectivity. To make additional observa- 
tions on the nature, effect, life cycle, and other characteristics of the 
causative organism, Anaplasma marginale, in infected animals when 
the or ganism has been subjected to various changes. 

c-5— thods of serum testing for diagnosing carrier animals 
infected with anaplasmosis. To develop new and improved methods 
for testing cattle serum to avoid the present expensive method of di- 
agnosis, which necessitates removing the spleen from a calf, inoculating 
this calf with the blood of the suspected animal, and placing the calf 
under observation for 60 days. 













C. HISTORY AND EVOLUTION OF THIS WORK 








The first evidence of anaplasmosis in the United States was in 1893. 
Research workers at that time studying piroplasmosis, also known as 
tick fever, noticed bodies in the red blood cells that were not typical 
of those associated with the disease. About 17 years later, these small 
bodies were recognized by workers in South Africa to be associated 
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with a definite and distinct disease. In 1913 a cow infected with blood 
from a tick-fever case developed a mild case of piroplasmosis followed 
by a severe case of anaplasmosis and death. Other investigations 
showed that, although anaplasmosis was once thought to be trans 
mitted by the cattle- fever tick, several kinds of ticks transmitted the 
disease under experimental conditions. 

Later investigations showed the disease can be readily transmitted 
from carrier to uninfected animals by horseflies and also mechanically 
during such operations as dehorning, castrating, ark | blood 
samples, or any operation that breaks the skin. In 193 1 attempts were 
made to obtain an antigen that would serve as a specific agent in the 
diagnostic test known as the “complement fixation test.” Although 
this test showed evidence of being effective, it was not until 1945 that 
a practical method was develope d, involving the use of a more stable 
antigen that could be produced in large quantities, and that showed a 
high degree of accuracy. 

Many attempts have been made to find a specific drug treatment fo 
anaplasmosis but without success thus far. It has been shown, how 
ever, that the transfusion of fairly large quantities of blood is of 
material benefit in severe cases of this disease. 


D. FUNDS—ANNUAL EXPENDITURES 


With these investigations financed from funds covering work on 
several lines of research, estimates for early years are difficult to obtain. 
However, direct expenditures from regular funds for all research on 
parasites and parasitic diseases of animals and poultry averaged 
$112,000 anually between 1923 and 1934. Direct expenditures for re 


search on anapl: ismosis varied from $20,000 in 1935 to about $33,000 
in 1943. Expenditures have ranged from about $29,000 in 1944 to 
$53.600 in 1950. 


k. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstration that certain ticks naturally occurring in the Unit 
States can serve as vectors of anaplasmosis.—This finding explains 
the occurrence of the disease in so-called tick-free areas. 

Demonstration that the disease can be transmitted from carrier aii’ 
mals by means of horseflies——This is of major importance because 
it offers a possible explanation of the manner in which anaplasmosis 
may occur from year to year in certain localities, Until this experi 
ment was performed, all recorded transmission experiments in the 
United States with ticks, flies, and mosquitoes have been done with 
animals in the clinical stages of the disease, that is, with anaplasma 
readily shown in the blood near the skin surface. 

Demonstration that the disease follows a definite pattern regardless 
of the source and quantity of the inoculative material or the age of 
susceptible animal.—This pattern is characterized by the period during 
which the number of causative organisms increase regularly for a 
certain number of days. This period of the rise of infection is the 
time when the value of drugs tested as remedies for the disease can be 
assessed with a reasonable degree of accuracy. No other period of th: 
disease can be utilized to the same degree for this purpose. 
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Development of an antigen for use in the complement-fixation test 
for the diagnosis of anaplasmosis in cattle—The improved antigen has 
increased the effectiveness of the test in diagnosing both clinical and 
carrier cases of the disease. 

Demonstration that the transfusion of large quantities of blood is 
of material benefit in severe cases of anaplasmosis—Many valuable 
animals have been saved by this procedure. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of the exact nature of the organism that causes ana- 
plasmosis would be very helpful in developing control or eradication 
measures. 

Development of some means of determining the cause of relapses in 
anaplasmosis in their relation to the spread of the disease. Such a 
finding should be an aid in reducing or eliminating the danger of 
carrier animals spreading the disease to healthy animals. 

Improvement of the present anaplasmosis antigen to increase its 
diagnostic properties and remove the causative factor of questionable 
reactions. 

Development and application of a plan for treatment of carriers of 
anaplasmosis.—If such animals could be freed of the causative organ- 
ism they would not have to be slaughtered to prevent spread of the 
clisease. 

Development of a practical plan for the detection, control, and 
eradication of anaplasmosis in cattle —Such a plan, if applied, would 
mean a saving of approximately $4,000,000 annually. 

The perfection of a germ-free vaccine for use in an anaplasmosis 
control system. 

Continuation of investigations on two other diseases, bartonellosis 
and eperythrozoonosis, in an effort to determine their relation to ana- 
plasmosis. 

A study of animals that have lost their carrier state to determine the 
reason for this phenomenon. 


TRICHOMONIASIS OF CATTLE 


(BAI—c—5-—2— Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop practical and effective methods of diagnosis, treatment, 
control, and eventual eradication of trichomoniasis in cattle. Current 
work is aimed particularly at developing a treatment for bulls infected 
with the disease. 


B. CURRENTLY ACTIVE LINE PROJECTS 
None. 
C. HISTORY AND EVOLUTION OF THIS WORK 


The serious venereal disease of cattle known as trichomoniasis 
(caused by the one-celled organism 7’richomonas foetus occurring in 
the reproductive organs) was found to be present in cattle of the 
United States in 1932. Investigations of this disease were begun in 
1936 by the Bureau of Animal Industry to develop means of pro- 
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tecting cattle owners from losses in their herds through abortion, 
sterility, and breeding difficulties caused by the disease. In the course 
of these investigations the problems of diagnosis, spread of the infec- 
tion within and among herds, the duration of the infection in both 
males and females, the prevention of the infection, and the manage- 
ment of infected herds were studied. When it was discovered that 
the disease is introduced into clean, uninfected herds only by the 
introduction of an infected animal, and spreads within herds only by 
natural breeding operations, lines of study were suggested for manage- 
ment practices as control measures. Also, the discovery that infected 
males usually retain and transmit the disease almost indefinitely led to 
the current work of developing an effective treament for infected 
bulls. 


D. FUNDS-—-ANNUAL EXPENDITURES 


This project was initiated with funds appropriated by section 37 
of the act of August 24, 1935. Direct expenditures with these funds 
varied from about $5,000 in the fiscal year 1938 to about $4,000 in the 
fiscal year 1941. Since 1942 the work has been financed with regular 
funds. Expenditures ranged from about $9,000 in that year to about 
$20,000 in 1949. Expenditures in 1950 were $9,600. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Program developed to eliminate trichomoniasis from infected 
herds.—As a result of all the investigational work, a management 
and breeding program has been devised for infected herds that will 
eliminate the infection. ‘The essential parts of this program are: (1) 
Elimination of infected bulls as herd sires, (2) division of the females 
into infected and noninfected groups, (3) management of the infected 
group in a manner designed to eliminate the infection completely. 

Determination of the nature of the disease and the course and dura- 
tion of the infection.—This forms the basis for determining the 
animals to be examined for diagnosis. Thus, the problem of diagnosis 
was made easier and the diagnosis itself more accurate and certain. 
The discovery has saved a tremendous amount of time and labor in 
combating the disease. 

Development of medicinal treatments for infected bulls —Although 
treatments so far developed are only partly effective, they have 
resulted in the saving of many valuable bulls. 


F. ADDITIONAL WORK NEEDED 


Improved methods of diagnosing and treating trichomoniasis of 
cattle.—V arious methods of diagnosing and treating this disease have 
been suggested by investigators in this field without adequate proof 
of their value. Research by the Bureau to determine their effective- 
ness is definitely needed to prevent the possibility of cattle raisers 
wasting time and effort on worthless methods of controlling this 
serious disease. 
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Worm Parasites or SWINE 
(BAI—c-6-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To obtain information on the life cycles and spread of swine 
parasites, the infection they cause, and their effect on the host animal; 
(2) to develop control measures and to stimulate their adoption into 
general practice. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-6—-3-1—Development of control measures for intestinal thread- 
worms of swine. To obtain information concerning the spread of 
intestinal threadworms, a relatively unrecognized but very injurious 
parasite of swine. This information is to be used as a basis for 
developing measures to combat the spread of the parasite. 

ce-6-3-2—Determining effects of a single species of parasite on pigs 
under conditions common to the South. To determine experimentally 
the effect on pigs of worm parasites peculiar to the South, and to study 
the symptoms of the infections. 

c-6-3-4—F inding the extent to which infections of worm parasites 
generally affect the growth and development of pigs. To gather 
information on the effect of single species of worm parasites on the 
growth and development of pigs. This information is to be used 
as a basis for determining the need for control measures and for 
developing the measures that are needed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of worm parasites of swine were begun early in the 
1900's. At first the investigations were concerned chiefly with the 
relationships of known species and the discovery of new species. 
These studies were later expanded to ascertain the life cycles of certain 
species, including the movement of the parasites within the body of the 
host, sources of infection, and factors governing the spread of para- 
sites from hog to hog. With the growth of the swine industry and 
the accompanying increase in parasitism as animals were crowded 
into more restricted areas, the menace of parasites became very serious. 
To meet this menace, studies were conducted to develop management 
practices that would help to control the most dangerous parasites but 
not conflict with existing swine husbandry practices. At present, the 
trend of study is turning to the effect of changing methods of swine 
husbandry on parasitism, evaluation of losses caused by parasites 
under the newer conditions, and the development of control methods. 


D. FUNDS—-ANNUAL EXPENDITURES 


With these investigations financed from funds covering work on 
several lines of research, estimates for early years are difficult to 
obtain. However, direct expenditures from regular funds for all 
research on parasites and parasitic diseases of animals and poultry 
average $112,000 annually between 1923 and 1935 and $172,000 
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between 1936 and 1941. Expenditures have ranged from about 
$15,000 in 1942 to $30,800 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Clarification of the life cycle of the large intestinal roundworm, o; 
ascarid, of swine-—Demonstration of how swine are infected with thi 
large intestinal roundworm, or ascarid, paved the way for the de- 
velopment of control measures against this parasite, which is the 
most common and injurious of all worm parasites infecting swine. In 
the United States, from 20 to 74 percent of the hogs examined 
this roundworm were found to be infected. In addition, the finding 
showed the source of infection of children was a closely related worn 
and laid the groundwork for correct diagnoses of human illness caused 
by the parasite. 

Development of a system of swine sanitation for the control of in 
testinal roundworms of pigs.—Using the facts discovered in studies 
of the life cycle of swine roundworms, a system of management (the 
McLean County system of swine sanitation) was developed to permit 
the raising of pigs free from this destructive worm. The system also 
served to reduce losses from filth-borne diseases. Under this system, 
pigs reach market weight sooner than under ordinary systems of man- 
agement and the farmer is able to raise as many pigs with about 
two-thirds as many sows. The system is widely used in the swine- 
raising States of the Midwest, where these roundworms had formerly 
threatened the profitable production of swine. 

Discovery that lesions in livers and lungs of swine are caused by 
migrating intestinal roundworms.—Inspection of meat products for 
human consumption had long been hampered by lack of knowledge 
concerning the small lesions in the livers of swine responsible for fre 
quent condemnation of entire livers or for extensive trimming to re 
move the affected parts. Other lesions found in the lungs of pigs 
were considered to be tubercular in origin. The discovery that both 
types of lesions were caused by these roundworms provided a neces- 
sary basis for important meat-inspection decisions. It also illus- 
trates the wide extent of losses to swine raisers and meat packers caused 
by this parasite. 

Development of control measures for kidney worms.—As the result 
of extensive investigation, kidney worms were recognized as a threat 
to economical swine production in the South. Studies were carried 
out to discover sources of infection of swine, the life span of the in 
fective stages on pasture, and the management practices favoring the 
spread of kidney worms. From these studies a system of management 
was developed that is effective in controlling kidney worms in swine 
under conditions existing in the South. 

Discovery that feeding skim milk or whey will effectively remor 
intestinal worms from swine .—Investigations disclosed that feeding 
skim milk or whey instead of grain at recommended intervals would 
remove effectively all intestinal worm parasites except threadworms. 
Pigs so treated made substantially better gains than those fed grain 
exclusively. This finding gave the farmer a safe, cheap, and effective 
method of removing intestinal worms from pigs and, at the same time. 
of promoting adequ: ite growth of the animal. 
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Discovery that intestinal threadworms inhibit the grow th of pigs 
and can cause sudden death of pigs and adult swine—Intestinal 
threadworms are minute worms that inhabit the small intestine of 
swine. They are so small as to escape detection except by trained 
observers. For many years this worm was thought to be harmless to 
pigs, but investigations disclosed that infected pigs either die or their 
erowth ‘ate is sharply reduced. In addition, it was discovered that 
the young worms invade the muscles and the tissues of all organs. 
Invasion of the heart muscle and the brain and spinal cord often 
produces sudden death of the affected animal. It is also indicated 
that infected animals reaching maturity may be deficient in repro- 
ductive capacities. 

Demonstration of the extent to which ascarids inhibit the growth 
of pigs.—Investigations of the effect of intestinal roundworms on the 
growth of pigs revealed that even moderate infections, such as are com- 
mon in farm-raised pigs, may severely retard growth. Even com- 
paratively small numbers of worms may reduce the growth rate by 
as much as one-fourth, demonstrating the high cost of this worm to 
the hog raiser. 

Discov very of the extent to which general infections of parasites cause 
losses to swine growers under conditions existing in Southern States.— 
Investigations in the South revealed that pigs farrowed under con- 
ditions in which moderate infections of parasites were acquired, re- 
quired as much as 5 weeks longer to reach market weight than did 
uninfested pigs. In addition, the parasitized pigs consumed almost 
a pound of feed more per pound of gain than did the wormless ones. 
This is the first such demonstration of the cost of swine parasites to 
the farmer. Losses of this magnitude may mean the difference be- 
tween raising swine at a loss or at a profit. 


























F. SOME ADDITIONAL WORK NEEDED 












C om ple te and precise evaluation of the extent to which each of the 
species of parasites damages the health of pigs —A\though it is known 
that a few species of parasites are harmful to pigs, the precise effect 
of the majority of the species is unknown. A study of these is essen- 
tial because measures to control one parasite may be ineffective against 
another. Furthermore, if some species should prove harmless, they 
would not need to be taken into consideration in planning control 
measures. 

Effect of nutritional factors in producing resistance in pigs to para- 
sites and in enabling them to withstand the effects of infections.— 
Although it is known that nutrition plays an important part in the 
erowth and development of pigs, little information is available con- 
cerning the effect of swine nutrition on attacks of parasites. 

Effect of environment on spread of swine parasites —A knowledge 
of the length of time infective stages of the various parasites will 
persist on ‘soil is necessary for the development of effective control 
measures. Climatic conditions are a governing factor, but it is not 
known to what extent summer heat, drying, and winter cold will rid 
an area of infective stages of parasites. Some parasites are trans- 
mitted directly ; others through such media as insects and earthworms. 
Obviously, factors influencing one type of parasite might have little 
effect on another. 
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Methods of parasite control to permit the use of permanent pas 
ture.—In certain sections of the country, the agricultural economy 
changing, and permanent pastures for swine are becoming more im 
portant. Current information indicates that these pastures are a 
important factor in contributing to severe parasite infestations. Ther 
is urgent need, therefore, for ‘developing parasite control measure 
that will render permanent or semipermanent pastures safe for us: 
by swine. 

Effect of crop rotation on the length of time infective stages oj 
swine parasites will live in soil—The effectiv eness of control measure 
that involve plowing and crop rotation is largely unknown. It is 
recognized that cultivation of soil has a tendency to scatter and per 
haps destroy certain infective swine parasites, but more precise know! 
edge is necessary before such practices can be recommended as contro! 
measures. 

Determination of the ingredients of milk and whey responsible j 
eliminating parasites from swine.—Although it is known that feedi: 
skim milk and whey will remove intestinal worms from swine, tli 
large quantities required are often prohibitive. If the ingredients 
responsible for the beneficial action are among the more common and 
plentiful parts of milk and whey, they could be removed and fed, pro 

viding a more practical substance for worming pigs. 

Ascertaining whether certain strains of swine are resistant to para 
sites, and the development of resistant strains —From time to tim: 
swine are found that seem to be resistant to parasites. By proper sele: 
tion and breeding it may be possible to develop strains of parasit: 
resistant swine. 


Liver FuiuKes or Domestic RuMINANTS 
(BAI—c-6-4—F ederal—Regular funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To determine the specific identity of liver flukes found in cattle, 
sheep and goats in different parts of the United States; (2) to ascer- 
tain the effects of these parasites on host animals; and (3) to develop 
methods of control. Current work is directed especially toward exact 
identification of North American liver flukes and their effect on rumi- 
nants. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-64-2—Identity of North American liver flukes. To determine 
whether the liver flukes of the genus Fasciola occurring in cattle, sheep, 
and goats in different parts of the United States and possessions repre- 
sent one or more than one species. 

c-6-4-4Effect of liver flukes on ruminants. To determine the 
effects of liver-fluke infestation on the health of domestic ruminants. 
These parasites are particularly deadly to sheep, having caused the 
abandonment of sheep raising at various times in many parts of the 
world. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Liver flukes have been known as parasites of domestic and wild 
ruminants (cattle, sheep, goats, and deer) for centuries. They re- 
ceived some attention in the early days of Federal investigation of 
animal diseases in the United States. During this period, the geo- 
graphic distribution of flukes in cattle and sheep in this country was 
considered to be limited, and their occurrence not sufficiently fre- 
quent to cause alarm. Gradually information was accumulated to 
show how widespread were the infections, and attempts were started 
in limited areas to control them by destroying the snails that served 
as intermediate hosts. These attempts met with indifferent success 
The snails were destroyed in the regions treated, but new populations 
soon moved in again from sur rounding areas. The new crop of snails 
soon became heavily infected because no attempts were made to treat 
the parasite-infested animals of the region. Most of this work was 
done in infested areas in the Intermountain and Western States. 

Work was then shifted to the Gulf coast area of Texas, and from the 
nature of the terrain in this region it soon became clear that attempts 
to control liver fluke infestation by destroying or controlling the inter- 
mediate snail hosts were doomed to failure. Attention was then turned 
to the use of medicinal treatment for removing flukes from infested 
animals and developing new treatments. 

At the same time studies were also made of the influence of environ- 
ment on the intermediate snail host. These studies showed that the 
snails burrowed into the mud during the hot summer months, to 
emerge when the fall rains came. During this period the snails re- 
tain their flukes, which begin to emerge from them when they come 
out of the mud in the fall. The young flukes, known as cercariae, 
that remain on the pasture at the beginning of the summer are killed 
by summer heat and drought. When the snails emerge from the mud 
in the fall, the pastures are practically free from flukes. These fac ts, 
and the knowledge of the time required by metacercariae (flukes in 
the encysted st age) that are swallowed in grazing to develop into egg- 
laying flukes in cattle, serve as guideposts in the application — of 
medicinal treatment. 

There is general agreement on the debilitating effect of liver fluke 
infestation on sheep and goats, but not on cattle. Some investigators 
believe that, except for infected livers, resulting in their condemna- 
tion at time of slaughter, liver fluke infestation ‘has little or no effect 
on cattle. Others contend that it is definitely harmful, causing 
anemia, emaciation, and similar conditions. This variation in effect 
on different ruminants may be due to different species of flukes, and 
work to determine this point is in progress. 


D. FUNDS—-ANNUAL EXPENDITURES 


With these investigations financed from several lines of research, 
estimates for early years are difficult to obtain. However, direct ex- 
penditures for all research on parasites and parasitic diseases of 
animals and poultry averaged $112,000 annually between 1923 and 
1935. Direct expenditures for research on liver flukes ranged from 
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about $20,000 in 1936 to about $15,000 in 1941. Expenditures have 
varied from about $14,000 in 1942 to $8,400 in 1950. 

In the fiscal years 1936 and 1937, emergency funds in the amount of 
about $242,000 were expended for demonstrations in liver fluke eradi 
eation. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


De velopme nt of a medicinal treatment of cattle for liver fluke in- 
festation.—Carbon tetrachloride i is an adequate medicinal treatment 
for fluke-infested sheep, but is harmful to cattle. Therefore, a new 
medicinal treatment was developed, consisting of hexachlorethane 
and bentonite. 

Discovery that in the particular area in which this work was done. 
the intermediate snail hosts and the infective stage of the flukes practi 
cally disappear from pastures during the dry season.—These dis- 
coveries help to determine the fact that effective treatment can be 
administered to host animals and pastures during the spring and fall. 

Determination that infested cattle livers should be held at te mpera- 
tures near 10° F. to render them fit as fis ch food. —‘Fluky” cattle 
livers are considered unfit for human consumption. They can be 
used for fish food if the flukes and fluke eggs in them are killed so that 
snails cannot be infested and continue'the spread of liver flukes. 


F. SOME ADDITIONAL WORK NEEDED 


Effect of fluke infestation at different levels of nutrition.—Little is 
known of the effects of liver flukes (Fasciola species) on cattle kept 
at, different levels of nutrition. This problem should be investigated 


since there is a possibility of a definite connection between nutrition 
and the injurious effects of these parasites. 

Improved methods of treatment.—The present treatment for tli 
removal of liver flukes from cattle is cumbersome and will remove 
only the mature flukes. Further research should be done on treat 
ments that would remove the immature flukes as well. 

Investigation of the climatic conditions that govern the life of thi 
snails that serve as intermediate hosts of liver flukes.—lt is likely 
that climatic conditions influencing the development and survival of 
snails in the Gulf coast area may prevail in other parts of the United 
States where liver flukes are a problem. Nothing is known regarding 
this situation. 

Investigation of the environmental factors that determine the prev- 
alence and abundance of snail hosts in any given area.—More than 
one species of snail serves as intermediate host of liver flukes in the 
United States. The factors governing the development of these snails 
should be studied as a means of determining possible control measures. 

Investigation of the lancet fluke (Dicrocoelium dendriticum) .— 
The presence in the United States of this fluke has recently been dis- 
covered. This parasite is at present known only in a few counties in 
New York State, but from all counts it has spread markedly in the 
past few years. It is presumed that land snails serve as immediate 
hosts of this fluke in this country as they do in Europe. 
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InpEx-CATALOGUE OF MEDICAL AND VETERINARY ZOOLOGY AND 
MAINTENANCE OF Parasite COLLECTION 


(BAI—c-7-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To maintain as a working tool an index to the world’s literature 
on parasites and parasitisms of livestock and man, as well as of wild 
animals whose parasites may be transmitted to domestic animals and 
man; included also are references to free-living (not attached to hosts) 
and plant parasitic nematodes, or roundworms, which are being recog- 
nized as the cause of reduced crop yields and the rendering of other- 
wise productive land virtually useless for raising certain ty pes of food 
and forage crops. (2) To maintain a research ‘collection of parasites 
of domestic and other animals, which will assist materially in correctly 
identifying parasites for governmental agencies and others interested 
in parasitology. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c—7-3-1—Maintenance of author, subject, and host catalogues. To 
niaintain a currently accurate catalogue and index of the world’s litera- 
ture on par asites and disease conditions due to parasites. 

c-7-3-2—Maintenance of parasite collections. To maintain a re- 
pository for identified specimens of parasites as a source of reference 
material for identification and expert opinion. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Index-Catalogue was started more than 50 years ago as a con- 
venient reference for the small group of workers in par sitology in the 
Bureau of Animal Industry. Since that time, based on nee: ls for this 
type of work, the catalogue has been enlarged and expanded to meet 
current needs. At present it comprises more than a million and a half 
reference cards, which were gleaned from over 12,000 publications 
appearing in 32 languages. The collection of parasites was begun at 
about the same time as the Index-Catalogue and has grown steadily 
ever since. It now comprises about 40,000 different lots of parasites 
and probably is the largest reference collection of its kind in existence. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Since this work was financed from a fund covering many lines of 
work for a number of years estimates of expenditures would be difficult 
to obtain for that period. An average of slightly over $8,000 per an- 
num was spent directly for this work for the fiscal years 1923-43. Ex- 
penditures ranged from $7,100 in the fiscal year 1949 to $29,300 in the 
fiseal year 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Contribution to war effort in providing readily available informa- 
tion concernin distribution of parasites —The Index-Catalogue was 
used extensively by the medical departments of the armed services 
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and Public Health Service during World War II, and provided much 
of the information on parasites of man used for mapping their dis- 
tribution in the Pacific theater. 

Publication of the author section of the Index-Catalogue of Medical 
and Veterinary Zoology as Bulletin 39 of the Bureau of Animal Indus- 
try in 1902-12 and its subsequent revision constitute the most complete 
reference to literature in any field of biological science. 

Establishment and maintenance of an abstract catalogue on treat- 
ments for internal and external parasites serve workers in this field 
with the most complete account of progress in parasite treatment to be 
found anywhere. 

Establishment and maintenance of a research collection of parasites 
have made possible the preservation of valuable “type specimens” and 
is of inestimable value to research workers in parasitology. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of the Index-Catalogue to form a new section to make 
available a ready reference to the distribution, by political subdivi- 
sions, of the parasites of the world. This will afford a quick means of 
determining in which countries parasites dangerous to our livestock 
and poultry industries are known to exist. 


DEVELOPMENT OF TREATMENTS FOR THE REMOVAL OF INTERNAL 
PARASITES 


(BAI—c-8-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To discover and develop efficient treatments for parasitic diseases 
of livestock and poultry, and to devise practical measures for the 
chemical control of parasites. Current work is concerned (1) with 
evaluating selected compounds for the treatment of parasites, such as 
intestinal threadworms and lungworms of cattle, sheep, and goats; (2) 
with the standardization of certain new and needed treatments, such 
as tapeworm remedies for sheep and poultry ; (3) with the comparative 
evaluation of available alternative treatments, on the basis of safety, 
value, ease of administration, and cost; (4) with the development of 
new uses for established drugs, notably phenothiazine? (5) with the 
development of practical, labor-saving programs of parasite control. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-8-2-2—Tests of miscellaneous substances as treatments for para- 
sitic infections of livestock and poultry. To discover new and improved 
treatments for parasitic diseases of livestock and poultry. Chief em- 
phasis is placed on parasitic conditions of recognized economic im- 
portance for which no efficient or practical means of medication is 
known. Subordinate emphasis is placed on the discovery of better 
drugs to replace presently used ones that are objectionable on account 
of toxicity, low efficacy, cost, or difficulty of administration. 

c-8-2-4—F urther evaluation, development, and/or standardization 
of treatments of established or reported value. To make determina- 


I 
terl 
WOI 
son: 
loss 
nod 
of d 
site 
(3) 
rem 
wor 
and 
that 
larg 
The 


don 
rece 
labe 
cons 
Swill 
cati 
tory 



























LIVESTOCK 135 


tions of : The value of treatment for different species of parasites in all 
stages of development, preferred dosages, and the simplest and safest 
methods of administration ; the risks of ovendoeing and symptoms that 
may result; the value of preparatory fasting or post-treatment purga- 
tion; and other factors that necessarily follow the discovery of a 
promising treatment before it can be regarded as having passed from 
the experimental stage to a status of practical usefulness. Attention 
is also given to the study of new treatments with a view to clarifying 
the full range of their usefulness against parasites. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of the development of treatments for removing in- 
ternal parasites were begun as a project in 1915. Although important 
work had been done before this time, there were three principal rea- 
sons for establishing the project: (1) A recognition of the serious 
losses caused by parasites, particularly stomach worms of ruminants, 
nodular worms of sheep, large roundworms of swine, and hookworms 
of dogs and man; (2) the realization that drugs effective against para- 
sites offered the most immediate means of reducing these losses; and 
(3) the extensive use by stockmen of useless and inferior remedies, or 
remedies about which almost nothing was known. Much of the early 
work was concerned with the development of standards and methods 
and with the testing of innumerable “worm medicines,” with the result 
that many useless remedies were exposed and stockmen were saved 
large sums of money that would otherwise have been invested in them. 
The same problems are still present, but to a lesser degree. 

For about 25 years, efforts were chiefly and necessarily directed 
toward the discovery and development of treatments for the removal 
of specifically injurious species of parasites. During the past decade, 
however—since the beginning of the Second World War—the em- 
phasis was shifted from cure to prevention. It had become increas- 
ingly evident that the treatment of heavily parasitized animals was 
not a “stitch in time,” because by that time the parasites had already 
done irreparable damage. However, as a last resort, medication was 
recognized to be most effective as an addition to control. The need for 
labor-saving, simplified measures of medication became evident. Asa 
consequence, the most injurious intestinal parasites of sheep, goats, 
swine, and poultry are now kept at nominal levels by systems of medi- 
cation that do not require the handling of individual animals, prepara- 
tory fasting, or purgation. 


D. FUNDS—-ANNUAL EXPENDITURES 


With the investigations of treatments for internal parasites financed 
from a fund covering many aspects of parasitological research, esti- 
mates for early years are difficult to obtain. Direct expenditures for 
research on treatments for internal and external parasites varied from 
$5,300 in 1923 to $8,500 in 1934 and averaged slightly over $6,000 
annually. Direct expenditures for such research ranged from $9,900 
in 1935 to $15,100 in 1941. Expenditures for research in treatments for 


removal of internal parasites ranged from $14,900 in 1942 to $35,600 
in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Some discoveries have been of particular significance to human 
medicine, which might well be the case at any time. It is, therefore, 
convenient to enumerate outstanding developments under the heading 
of those significant to the treatment of parasites of man and those 
significant to the treatment and control of parasites of livestock. 

Achievements of unusual significance in the treatment of parasitic 
diseases of man.—The outstanding discovery in this connection was 
made in 1921 of the value of carbon tetrachloride for the removal of 
hookworms from dogs and the prompt recommendation that the drug 
be tried in human hookworm disease. The drug was used in all parts 
of the tropical and subtropical world, with immeasurable effect on the 
welfare of mankind. It was to hookworm disease what quinine was 
to that other serious tropical disease, malaria. Just as quinine has 
given way to better antimalarial drugs, it was natural that carbon 
tetrachloride should give way to better drugs against hookworms. In 
1925, it was found that another related hydrocarbon compound, 
tetrachlorethylene, possessed all the advantages of carbon tetra- 
chloride, but carried less risk of intoxication to the patient. This drug 
has remained for a quarter century the standard treatment for human 
hookworm disease throughout the world. 

Other contributions have followed in recent years; for example, 
the increasing use of phenothiazine for the treatment of human pin- 
worm infection. Most important, however, is the fact that the sig- 
nificance of animal experimentation as a proving ground for human 
treatments has been as clearly evident in the field of antiparasitic 
drugs as in any other branch of chemotherapy. 

Achievements of particular significance in the treatment and control 
of parasitic diseases of livestock.—The following are examples, but 
by no means all, of the improvements resulting from research in the 
field of parasite control. 

Development of copper sulfate treatment for preventing losses from 
stomach worms in sheep, goats, and cattle—among the most injurious 
of all parasites attacking farm animals. 

Determination of value and standardization of treatments [er th 
removal of worm parasites from livestock.—Many widely used reme- 
dies were found to be ineffective, and safe doses for the effective ones 
were established. 

Evaluation of medication for the destruction of horse bots.—Carbon 
disulfide was found to be highly effective against bots (a parasite 
attacking horses throughout the United States), and later was devel 

oped as a medicament against other parasitic worms of horses, notably 
large roundworms, and of swine. 

Oil of chenopodium developed as a treatment for swine ascariasis. 


caused b y ascarids or roundworms.—The drug was later shown to be e 


useful against strongyles of horses (a parasitic worm causing dam- 
aging effects) and large roundworms of dogs. 
Carbon tetrachloride found effective for removing hookworm from 


dogs.—The drug then soon became the accepted treatment for hook- | 
worm diseases of man, and patients were treated by the tens of thou- | 


sands all over the world. 
T etrachlorethylene found to be superior to carbon tetrachloride as ' 
medicament for the removal of hookworms from dogs, and soon 
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supplanted the latter as the drug of choice in human hookworm disease. 
Later studies showed that this drug also had important antiparasitic 
applications in ruminants and other animals. 

Liscovery of effective treatment for heartworms of dogs.—Fuadin 
an antimony compound, was found to give satisfactory cures when 
injected into muscles or veins. The heartworm is one of the most 
damaging parasites of hunting dogs and is acquired through the bites 
of mosquitoes and fleas. 

Discovery of an effective treatment for controlling gapeworms of 
poultry.—Barium antimony] tartrate was found to be highly efficient 
when administered as a dust in confined quarters to chicke ns, turkeys, 
and pheasants. This parasite causes a condition known as gapes, 
prevalent in all sections, and frequently causing severe loss of condi- 
tion and death of the infected birds. 

Discovery of the power of phenothiazine to destroy intestinal 
worms.—It was shown that this drug possessed great ability to destroy 
internal parasites in all classes of livestock, including poultry. By 
any standard, the discovery of this drug was the most important event 
in the long history of drug therapy of animal parasites. It is safe, 
easy to administer, and possesses a wider range of action in more 
classes of livestock than any other drug. The scientific literature 
from all parts of the world has aver aged more than 100 papers 
annually on phenothiazine, and new uses s and methods of administra- 
tion are being constantly developed. Savings to the livestock indus- 
try run into many millions annually. In one State alone, pheno- 
thiazine has been credited with saving sheep raisers over $5,000,000 a 
year. 

Deve lopment of n-butyl chloride as an agent to destroy internal 
parasites—This drug possesses a wider range of action against 
parasites of dogs than either carbon tetrachloride or tetrachlorethy- 
lene, and is currently the drug of choice for removing roundworms, 
hookworms, and whipworms. (Phenothiazine is ineffective in dogs.) 

Discovery that sulfur in feed and borax in feed or drinking water 
control coccidiosis (caused by the parasites) in feeder lambs.—Sulfur 
and borax were the first of hundreds of chemicals tested in several 
places over a period of many years that offered promise of definitely 
beneficial action. Encouragement was thereby given to the possi- 
bility of satisfactory control by chemical treatment of this very serious 
class of disease. 

First use of sulfonamide compounds in ruminant coccidiosis. — 
Sulfaguanidine was found to be safe and efficient in suppressing sheep 
coccidiosis, a disease causing bloody diarrhea and death in feedlot and 
farm lambs. The drug was also quickly tested against similar diseases 
of calves and poultry, “with unprecedentedly beneficial action in both 
instances. Sulfaguanidine and many other sulfonamides are widely 
used and, at the same time, are still under active experimentation. 
Sulfonamides represent the greatest advance thus far toward efficient 
control of coccidiosis of ruminants and poultry. 

Winter-treatment program, with the use of phenothiazine, outlined 
for the control of nodular worm disease of sheep.—This project was 


| designed as a contribution to the war effort at a time when the United 


States was facing a shortage of surgical suture material. Sutures are 
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made from sheep casings, but casings showing nodules are unusable. 
Fortunately, the method proved a Saeaskably satisfactory solution 
to the immediate problem, but the real advantages of the method are 
found in the protection it affords to meat and wool crops, its effective 
control of parasites other than nodular worms, and its subsequently 
more general application to the control of parasites in other classes 
of livestock. It also marked the widespread acceptance by stock 
raisers of preventive medication against parasites. 

Developmént and standardization of the hewachlorethane drench 
for the destruction of liver flukes in cattle—Many stockmen in the 
Gulf coast area and elsewhere have reported that this treatment, to- 
gether with phenothiazine, has solved their chief parasite problems. A 
special feature of the combined medication is that it removes the most 
injurious gastro-intestinal parasites as well as liver flukes. 

Development of the sodium-fluoride treatment for swine ascariasis 
(caused by intestinal roundworms).—This treatment, although cov- 
ered by a private patent, has solved one of the most serious disease 
problems of swine producers. It isthe simplest, most effective medica- 
tion for removal of roundworms from swine. 

Tartar emetic and glucose found to give complete cure of dermal 
filariasis of sheep—a skin disease caused by parasites.—The disease, 
which is confined at present to high altitudes in several of the Rocky 
Mountain States, is of a very serious nature because affected sheep 
have no sale value. Since the mode of transmission of the disease has 
not yet been determined, the only hopeful outlook for its control is to 
cure by drug treatments all affected animals. 


F. SOME ADDITIONAL WORK NEEDED 


New treatments.—In spite of important progress, treatments are 
still lacking for many parasites and parasitic conditions causing seri- 
ous losses. Notable among these are the many lungworms affecting 
ruminants, swine, and horses; kidney worms of swine and other tissue 
parasites such as trichinae; certain serious gastro-intestinal parasites 
of ruminants and swine known as threadworms, nematodirids, and 
cooperids; as well as such diseases as blackhead of turkeys, trichomo- 
niasis of chickens and turkeys, and anaplasmosis and trichomoniasis of 
rattle. ‘ 

Improved treatments.—Some drugs in use at present have recognized 
shortcomings, and there is room for improvement in all cases. Among 
needy cases is the treatment for the removal of bots, stomach worms, 
and large roundworms from horses. At present, carbon disulfide is 
used for want of something less irritating to the animal and safer to 
use. Another problem is presented by tapeworms of cattle, sheep, and 
goats, for which the best available treatment is lead arsenate, a chem- 
ical that requires utmost care in administration not only because of the 
risk of intoxication in the treated animal but because of the potential! 
depositing of lead and arsenic in edible tissues. 

New and improved programs of parasite control with drugs, in- 
cluding improved methods of administering drugs—There is need 
for much work along these lines, such as the development of a prac- 
tical combination of treatment, sanitation, and management that will 
control large roundworms of swine and other parasites; and effective 
methods of controlling liver flukes of sheep and cattle, gastro-intestina! 
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parasites of dairy animals, and the like. The expanding applications 
of phenothiazine require further study of the benefits that can be 
achieved by various methods of use and administration. 

Basie information on mechanism of drug action.—Basic informa- 
tion on the action of drugs effective against parasites is essential to 
rational, scientific progress as well as to the sensible use of these drugs. 
The potential significance of this phase of the work cannot be over- 
emphasized. 


Contacious, INFecrious, AND Parasrric DisEases or Domestic 
ANIMALS AND Pou.try, AND MrerHops or ConTROL 


(BAI—SRF-3-7—F ederal-State—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


1. Coccidiosis of cattle 

To obtain information on the life histories, transmission, effects 
on cattle, and methods of prevention, control, and treatment of the 10 
species of coccidia which cause coccidiosis in cattle. Attention is also 
being given to the animal’s resistance or immunity to the parasites. 
Current work emphasizes the study of drugs as treatment for the 
disease, as well as the most important type of the parasite causing it. 
2. Worm parasites of cattle 

To obtain basic information on worm parasites of cattle with 
respect to transmission, life history, and ability to cause disease, as 
well as the chemical treatment. With such information it will be pos- 
sible to develop or improve methods of control in order to combat 
severe annual losses to the beef and dairy cattle industries, Current 
work is concerned primarily with intestinal worms of calves. 
3. Johne’s disease of cattle 

To devise satisfactory methods of controlling and eradicating 
Johne’s disease in infected herds of cattle and to prevent its spread 
to clean herds. This disease, also known as paratuberculosis, is a 
chronic infection causing inflammation of the digestive tract, loss of 
condition, and diarrhea. It is one of the most difficult diseases to eradi- 
cate from a herd. The current work is concerned with the develop- 
ment of an improved method of detecting animals in early stages of 
the disease. In addition, work is under way to improve methods of 
isolating the causative organism and to determine its resistance. 


B. CURRENTLY ACTIVE LINE PROJECTS 


_c-5-5-1—Sulfonamide drugs as curative or preventive agents in coc- 
cidiosis in cattle. To determine which of the sulfonamide drugs are 
of value in preventing or curing coccidiosis in cattle, and to determine 
the best dosages and times to administer the drugs that prove to be 
elfective. 

c-5-5-2—The life cycle of a species of coccidia (Limeria zurnii) 
causing disease in cattle. To fill in the gaps in existing knowledge 
concerning the life cycle of this species, which is the most injurious 
of the 10 found in cattle. The location and duration of the stages of 
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development in the host’s tissues will be determined to decide whic), 
stage is the most vulnerable to treatment. 
c—6—6-1—Life history and harmful effects of the intestinal thread- 

worm (Strongyloides papillosus) in calves. To determine the ngs 
of infection and the development of the intestinal threadworm in | 
body and to appraise its harmful effect on cattle. 

c-6-6-2—-Gastro-intestinal parasitism in calves and young cattle 
exposed to different degrees of pasture contamination. ‘To det termine 
the course and effect of different levels of infection on the physica 
condition and growth of calves and young cattle, and to observe the 
survival of contamination on pasture followi ing removal of infecte< 
animals in order to develop practical control measures. 

Investigation of certain agents for diagnosing Johne’s disease.'—To 
develop a potent and specific agent for ‘identifying : animals infected 
with Johne’s —. Although. a diagnostic agent (johnin) is now in 
use, it has tw& faults: Successive lots do not “always have the same 
potency, and animals harboring closely related bacteria may react 
to johnin, thus confusing the diagnosis. 

Viability of the causative organism (Mycobacterium paratubercu- 
losis) of Johne’s disease under various conditions outside the animal’s 
body.’—Little is known as to how long the bacteria causing Johne's 
disease will live under different environments. Information concern- 
ing external factors, such as types of soil, moisture, sunlight, and dis- 
infectants, would be of assistance in recommending control methods to 
owners of infected herds. 

Improvement of cultural methods for isolating the causative organ 
ism.'—The outstanding characteristic of the bacteria causing Joline’s 
disease is the difficulty with which they are cultivated on “artificial 
media. Although media have been developed that will maintain Jab 
oratory strains of -_ onan they are not suited for the first isola- 
tion of the bacteria, or for detecting small numbers of living organ 
isms surviving diene conditions to which they may have bee: 
subjected. 


C. HISTORY AND EVOLUTION OF THIS WORK 


1. Coccidiosis of cattle 

This research was begun in 1938 because coccidiosis was considered 
to be one of the three most important diseases affecting calves in tli 
Southeast. The first investigation was made to determine the num 
bers of species of coccidia that occurred in cattle on farms. As little 
was known about the transmission of the disease and the comparativ: 
_ ructiveness of the 10 species found, these were then studied further. 

Field surveys showed the presence of coccidia on nearly every far 
examined, and they were found to be e: \using more unthriftiness an 
deaths among the animals than was gene1 rally believed to be the case. 
The next step was a study of the life histories of the most important 
species to determine the best time to attempt to break the life cycles 
of the parasites. In studies of treatments, three of the sulfa drugs 
were tested. At the same time, it was recognized that calf-manay 
ment methods might prevent self- and cross-contamination and 1 
duce the necessity for drug treatment. Consequently, various sys 


1 Lines of work for which no symbols have been assigned. 
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tems of calf raising were investigated; these studies form the basis 


for current and planned research. 
2. Worm parasites of cattle 

This project was begun in 1938 at the Regional Animal Disease Re- 
search Laboratory, Auburn, Ala., and was first concerned with the 
determination of the relative prevalence of worm parasites in south- 
ern cattle. This was followed by studies on the life history and bi- 
ology of the more common parasites of the South. The discovery of 
phenothi: izine as a treatment for intestinal worms shifted the efforts 
from biological studies to chemical research, until the value of this 
drug as a treatment for worms in cattle was determined. When ade- 
quate test pastures were developed, studies were begun and are being 
continued on natural transmission of worm parasites. Information 
from the investigations have led to the development of some specific 
practical recommendations for controlling parasites in cattle. and 
such information is being used by producers. 

Johne’s disease of cattle 

Investigation on Johne’s disease was begun in 1938 because it was 
becoming an increasingly serious disease of cattle in the United States. 
Emphasis was first plac ed on developing a satisfactory agent for iden- 
tifying the disease. Studies were then made as to how the disease 
was transmitted from one animal to another as well as to how it could 
be controlled. The information obtained from these studies showed 
the desirability of devising methods of raising young animals in such 
: manner that they will remain free of the disease. During these 
studies it was discovered that animals infected with Johne’s disease 
will sometimes react to tests for Johne's disease with tuberculin—the 
diagnostic agent used in detecting tul i versa. Con- 
sequently, further work on improving diagnostic test materials is 
being conducted to eliminate erroneous reactions to the test. In addi- 
tion, information is being obtained on improved methods of isolating 
the causative organisms and on its resistance to heat, cold, and 
iaaaiente, 






















D. 





FUNDS——-ANNUAL EXPENDITURES 





Annual expenditures from the special research fund have ranged 
from $66,000 in the fiscal year 1937 when the station was established 
to about $80,000 in the fiscal year 1949. Average annual expenditures 
over this period were $62,400. Expenditures in the fiscal year 1950 
were $74,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 












Finding two new species of coccidia in cattle, bringing the total 
umber known in this country to 10. One of these was “discovered 
to be much more destructive than was originally believed. A com- 
plete life cycle was determined for the species. This knowledge is an 
niportant step in the development of practical control methods. 
Value of sulfa drugs in treatment of coccidiosis—Three sulfa 
irugs—sulfaguanidine, sulfaquinoxaline, and sulfamethazine—were 
tested and found to show promise In preventing coccidiosis in cattle. 
lhe last-mentioned drug proved to be the best of the three. 


142 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Development of a portable pen for raising dairy calves.—The use 
of a portable pen for dairy calves was found to be superior to the usua| 
calf pen because it required less labor and reduced fatalities and 
unthriftiness in the calves. Not only did it reduce losses from co: 
cidiosis, but it nearly eliminated worm parasites and pneumonia in 
young calves. When the portable pens were used on farms where 
calf losses had been 75 percent or more, the losses were reduced to less 
than 5 percent. These pens are gradually supplanting other types of 
calf shelters in the South. 

Determination of the value, safety, dosage, and method of using 
phenothiazine for removing harmful worm parasites from cattle may 
be credited to research conducted under this project. Phenothiazine, 
which far surpasses previously known agents used to destroy intes- 
tinal worms, has become the drug most frequently used throughout 
the country for treating cattle suffering from gross worm parasitism. 

Demonstration that cross transmission of worm parasites between 
sheep and cattle is much less serious than previously suspected. —This 
finding is of practical importance in the Southeast. Previously 
farmers in this area failed to increase sheep production, in spite o! 
market demands, because they feared the danger of transmitting para 
sites from sheep to cattle. 

Development of recommendations for control of harmful internal 
parasites.—It has been determined by the Department that resting a 
contaminated pasture for 6 weeks will usually allow infective larvae 
of lungworms to die, making the pasture safe for future use. It has 
also been determined that resting pastures that ordinarily do not fw 
nish grazing during the winter in the Midsouth will reduce parasitism 
and promote growth of calves the following spring. Other experi- 
ments have shown that milk in the diet inhibits the development of th« 
common stomach worm; therefore, early weaning is not recommended. 

Development of a satisfactory medium for growing cultures of bac- 
teria for producing johnin, the agent used in identifying Johne’s di: 
ease. With the use of the improved medium, it has been possible to 
produce a more potent product in a much shorter time. 

Development of a method of comparing the potency and effectir: 
ness of johnin and tuberculin.—In this method animals are skin-tested 
with the diagnostic product—johnin, for instance. A comparison of 
the size of the skin swellings, which are the resulting reactions, evalu 
ates the potency and effectiveness of the diagnostic product. Pre- 
viously there had been no accurate method for doing this. 

Shortening the necessary interval between tests on cattle for Johne's 
disease or tuberculosis—The method involves using a new skin site for 
each successive test instead of waiting 90 days for the previously used 
site to regain its normal sensitivity to the johnin or tuberculin. This 
method of frequent testing makes possible the detections of very early 
infections. 

Development of a more sensitive johnin and tuberculin testing pro- 
cedure-—During an experiment on the potency of johnin it was found 
that johnin reactions on the neck were larger than on any other par‘ 
of the body. Further trials showed that some animals that were car 
riers of Johne’s disease or tuberculosis failed to react to a test at th: 
usual site but would react to a test on the neck. By detecting such 
carriers that are not found in the usual testing procedure, the poten- 
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tial eradication of Johne’s disease and tuberculosis has been brought 
closer to realization. 


F. 





SOME ADDITIONAL WORK NEEDED 


Further study of life cycles of the parasites causing coccidiosis.— 
To combat these parasites successfully, it is necessary to know where 
and how long oi stage exists in the animal’s body. It is important 
to know which of the 10 species are similar and which ones deviate from 
the usual cycle. This information is necessary to determine the weak 
links in the eycles—those that can be most easily destroyed—and thus 
aid in developing methods of prevention and control. 

Further testing of drugs for treating calves suffering from coccidi- 
osis.—The ideal method of preventing and controlling coccidiosis 
would be an inexpensive harmless drug that could be given at certain 
intervals to reduce the amount of injury, but that would still enable 
the calf to produce an immunity to the disease. New drugs are being 
developed each year. Some of these may prove to be very destructive 
to the parasite without causing damage to the host’s tissues, and tests 
should be made to determine their value. Moreov er, many drugs have 
been recommended for treating this disease after inadequate tests. 
These unscientific reports have caused veterinarians and farmers need- 
less waste in time and money in using ineffective treatments. There 
is a great need for adequate experiments with various drugs to prove 
their value in the control of coccidiosis. 

Methods of calf management for preventing coccidiosis and other 
diseases.—It. would be highly desirable to continue research on im- 
proved management practices that would be even more effective and 
less cumbersome than those already developed. 

Life history, ability to cause disease, and natural transmission of 
worm parasites—General knowledge concerning the life history of 
stomach worms, intestinal worms, and lungworms is available. There 
remain, however, several species of worm parasites for which infor- 
mation is lacking. In view of the fact that worm parasitism is largely 
pasture-borne and practically all species can exist simultaneously on 
the same animals or pasture, knowledge concerning the life histories 
of all species and the factors affecting their transmission is essential 
in recommending husbandry prac tices to control parasites. 

Development of a more definite and effective test for Johne’s disease 
is sorely needed to detect infected animals in a herd so that they may be 
sent to slaughter or isolated from the healthy animals. This would 
enable herd owners to combat the disease to a large extent. A method 
of control that includes removal of infected animals from the herd, 
followed by strict sanitation of the prerhises, has already given en- 
couraging results in several herds. 

Discovery of an effective immunizing agent that will protect young 
stock against Johne’s disease would be a godsend to owners of dairy 
and beef cattle herds as it would enable them to build up disease- free 
herds and avoid the serious losses they are now experiencing. 

Development of a satisfactory method of isolating the causative 
organism of Johne’s disease and a means of determining the resistance 
of the organism to heat, cold, sunlight, and disinfectants would greatly 
aid the research work that is now in progress. 
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Repuctne Deatru Losses or Youne Pies 


(BAI—RM: b41—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To reduce serious losses in swine raising through the development 
of methods of combating death losses in young pigs. Many factors 
enter into the losses now occurring on the average hog farm. Some 
of these factors are undoubtedly present in the parent stock and others 
are probably introduced after birth of the pigs. The nature and 
characteristics of the various causes of these losses—whether infec- 
tious diseases, nutritional deficiencies, hereditary weakness, poor man 
agement, or other reasons—together with means of prevention and 
control, are being determined. Specifically, the work includes such 
diseases and disorders as enteritis or diarrhea in various forms, certain 
aspects of hog cholera immunization, uremia, various vitamin and 
trace mineral deficiencies, and faulty carbohydrate utilization in the 
body. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-41—-1—Reducing death losses of young pigs through correc- 
tion of nutritional deficiencies and functional disturbances in the sows. 
To determine the part played by vitamins and related factors and 
ways of maintaining favorable conditions in pregnant and lactating 
sows as shown by survival, general health, and growth of their pigs 
from birth to ee 

RM: b-41-2—Examination of disease conditions and bacterial in- 
fections of young pigs that die soon after birth. To learn the identity 
of bacterial infections and related disorders and the extent to which 
they cause deaths of young pigs born to sows that are receiving various 
nutritional treatments, as well as those born to sows in farm herds. 

RM: b—41-6—Functional disturbances and disease conditions in 
affected baby pigs on the farm. To compare farm cases with similar 
cases in which the disease is induced experimentally to help find means 
of treatment of the disorders. 

RM: b-41-8—Carry-over effects, to the newborn pig, of different 
vitamins in the ration of the sow. To measure the carry-over effects 
of various levels of the known B vitamins (including thiamine, ribo 
flavin, pantothenic acid, and niacin) and related nutrients in the sow’s 
diet on the variability and resistance to infection of young pigs. 
Currently, considerable emphasis is being placed on diagnosis of farm 
cases of enteritis (intestinal infection ) and on treatment with B 
vitamins. ; 

RM: b-41-9—Transmissible gastroenteritis in pigs. To identify 
the causative agent and develop a means of control of this infectious 
and highly fatal disorder, which especially affects the intestines of 
pigs and produces severe diarrhea. 

RM: b-41-10—F aulty carbohydrate and protein utilization in the 
nutrition of the young pig. To determine the conditions under which 
lowered sugar formation, uremia, and other related disorders may 
cause losses of pigs. 

RM : b-41-11—Discovery of the serum fractions that block immunity 
against hog cholera by combined use of serum and vaccines. To find 
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the relationships of different serum fractions to the blocking of vac- 
cinal immunity in hog-cholera treatment, with the view to developing 
protective immunizing agents capable of providing immediate immu- 
nity against hog cholera without neutralizing the vaccine. 

RM : b-41-12—Interrelationships of vitamins, trace minerals, and 
nutrition of the young pig. To determine the conditions under which 
To determine some of the effects of various vitamins, trace elements, 
and other nutrients, and antibiotics (substances that kill disease-pro- 
ducing bacteria and that may possess other stimulating effects on 
growth) on the course of intestinal infections in young pigs evidenced 
by diarrhea and inflamed intestines. 

RM: b-41-13—Pneumonias in young pigs caused by viruses, and the 
identification and control of the various types of virus infections. 

RM: b-41-14—Specific causes and means of prevention of death 
losses in pigs attributed to poisonous substances secreted in the milk 
of the sow. ‘To determine the nature of the apparent poisoning effect 
of these substances, the means of recognition in farm herds, and its 
prevention and cure 

RM: b-41-15—An infectious parasitic type of disease of young pigs 
that causes an anemialike condition and results in extensive death 
losses. ‘To develop ways and means of controlling this specific disease. 







C. HISTORY AND EVOLUTION OF THIS WORK 
















This study arose out of a recognition of the high mortality rate 
among young pigs as a major problem in swine production. In spite 
of many helpful discoveries in feeding, breeding, and management of 
swine, mformation has lagged on means of saving very young pigs. 
In recognition of this situation, committees from North’Central State 
experiment stations drew up a regional project in 1947, and the Bureau 
of Animal Industry also wor ked out a program of study, both under 
authority of the Research and Marketing Act of 1946. The yroject 
became cooperative between the Department and the North bent ral 
States in March 1948. At present 10 cooperating State stations are 
carrying on important phases of the work. 










D. FUNDS—-ANNUAL EXPENDITURES 





Expenditures for this research, which was initiated in the fiscal 
vear 1948, have been as follows: 
ITER GUN NO hi Sc IF ws est nwa eien Scat aap inches Faas cei $19, 500 


I UIT I his csicssd tis Bets canned bins digelendabeasitia singe bene idin te din ‘slid diem 29, 800 
I SC a a ere 50, 000 

















E. EXAMPLES OF OUTSTANDING ACCOMPLISHMEN 











Discovery that deficiencies of the B vitamins—the animal protein 
factors (AF °F) —may occur on farms where corn and soybean meal 
form the major part of the sow ration. Demonstration of striking 
cures in sick pigs when these rations are corrected and the saving of 
high percentages of the pigs born alive have resulted in many farmers 
apply ing the methods successfully on their own farms. 

Determining that for pregnant sows 4 milligrams of carotene per 
100 pounds of body weight is the minimum daily allowance.—Less 
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than this amount of carotene, which is converted into vitamin A, may 
result in higher incidence of stillborn pigs and reduced resistance to 
infection of pigs born alive. This information is being utilized in 
standards for nutrient allowances of swine issued by the Nationa! 
Research Council. 

Establishment of the infective nature of the causative agent of trans- 
missible gastroenteritis, and some of the characteristics of the resist- 
ance to its destruction, has marked an important milestone in the solu- 
tion of this important disease. 


F. SOME ADDITIONAL WORK NEDED 


Determining amounts of a considerable number of nutrients needed 
by sows during gestation and lactation.—For certain nutrients prac- 
tically no information is available. For others only the requirements 
for growth are known; no definite information is available regarding 
the amounts needed for reproduction. Knowledge of the require- 
ments at this period would go a long way in developing feeding 
methods for saving young pigs otherwise lost because of nutritional 
disorders. 

Clarification of recent developments in the use of animal protein 
factors, grass factors, and antibiotics are urgently needed.—Prelimi- 


nary information indicates that these factors improve growth rate, 
increase feed efliciency, produce greater viability of young pigs, and 
restore many sickly or stunted pigs to thrifty normal growth. Fur- 
ther testing of the materials is needed, especially to determine their 
effect on reproduction. 

Determining the causes of stillbirths in pigs.—A survey of available 


farrowing data suggests from 5 to 10 percent of all pigs are stillborn. 
Whether this condition is due to heredity, nutrition, uterine infection, 
or some other cause should be investigated, not only to eliminate stil!- 
births but also to determine its possible relation to viability of entire 
litters. 

Identification and means of combating numerous obscure infections 
or transmissible diseases need to be investigated as fast as accumulat- 
ing facts of current work make possible effective research. 

Swine management relating to housing and handling of sow and 
pigs at time of farrowing needs increased attention to enable saving of 
pigs from injury and exposure. 

ae work in cooperation with States on regional projects NC-6, 
NE-5, S-6, NC-13, see ch. 39.) 


X-Disease ok HYPERKERATOSIS OF CATTLE 


(BAI and BPISAE M: b-537—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the cause of X-disease of cattle and to develop 
methods by which it may be controlled or prevented under changing 
conditions of cattle production, forage production, and soil fertiliza- 
tion. Current work is concerned particularly with determining 
whether the disease is infectious or whether it is caused by chronic 
poisoning or nutritional imbalance connected with chemical combina- 
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tions in plants and soils. A study is also being made of the symptoms 
of the ‘aaa which is characterized by a gradual thickening and 
hardening of the skin, wart-like growths in the mouth, watering of the 
eyes, and drooling from the mouth. 









































B. CURRENTLY ACTIVE LINE PROJECTS 





BAI-RM: b-537-1—Transmission, cause, pathology, prevention, 
and control of X-disease of cattle. To reproduce the disease experi- 
mentally in cattle and to apply the information obtained to control 
methods. 

BAI-RM: b-537-2—Spread of X-disease and the relationship of 
rations, certain viruses, and reproductive efficiency to X-disease of 
cattle. To obtain data on the symptoms, course, and effect of 
X-disease of cattle, and to attempt to produce it with certain rations, 
separately and in combination with certain viruses. 

BAI-RM: b-537-3—Studies on infectious agents in X-disease of 
cattle an the prevention and control of the disease. To develop 
methods for finding and growing the causative infectious agent of 
the disease and to prepare immunizing products for its control and 
prevention. ° 

BPISAE-RM: b-537-4—Chemical and other tests of soils, plants, 
and animal tissues for possible causes of X-disease of cattle. To test 
soils, plants, and animal tissues from field outbreaks of the disease and 
compare them with similar samples from nonaffected farms and 
ranches, to determine any possible relationship of soils and plants to 
X-disease. 

BAI-RM: b-537-5—Investigations on the cause, control, and pre- 
vention of X-disease of cattle. To determine if the disease is caused 
by chronic poisoning from chemicals and to find the source and nature 
of these chemicals, for control or prevention of the disease. 

BAI-RM: b-537-6—Investigations of naturally infected animals 
to determine the cause and develop means of control of X-disease of 
cattle. To obtain knowledge regarding the various changes produced 
by the disease in affected animals, to conduct extensive field studies 
to determine how the disease is spread, and to develop control 
measures, ; 

BAI-RM: b-537-7—Possible interrelations between the digestion 
process and nutrition in causing X-disease of cattle. To investigate 
the organisms in the rumen of cattle affected with X-disease, compar- 
ing them with those in the rumen of unaffected cattle, and to make 
basic studies of the effects of rations and chemicals on these organisms 
and on the chemistry of the blood. 





C. HISTORY AND EVOLUTION OF THIS WORK 







X-disease of cattle was first reported in 1941 as having caused heavy 
losses in one dairy herd in New York. State investigations could 
not determine the cause, and the owner was paid indemnity by the 
State. Scattered outbreaks began to appear from year to year in 
other States. By 1946 it had appeared in 10 States and affected a 
number of herds in each. In 1947 it was observed in 27 States. 
Alarming reports were received of damage in many scattered herds in 


widely separated areas. <A preliminary survey in 1948 established 
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the fact that the disease was seriously affecting the cattle industry 
and that the losses encountered justified directed research by Federal 
and State agencies. For the fiscal year 1950 funds were allocated 
under section 10 (b) of the Research and Marketing Act of 1946 for 
research on X-disease in cooperation with State agricultural experi- 
ment stations. Three national conferences were held on this disease. 
one each in 1948, 1949, and 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS —% thew 


Expenditures under this project for the fiscal year 1950 were 
$49,500, 


A survey made by the Bureau of Animal Industry showed NX -disea: 
to exist in 37 States —lIt was found that a high percentage of affected 7 
animals die, some entire herds are wiped out, and many factors appear 7] inter 
to be involved in the cause. | pastu 
A cooperative program of research, on a national basis, was organ- WW on th 
ized in fiscal year 1950 by the Department and 16 States. Efforts have @ 1-5 
been concentrated on determining the cause and on reproducing the |@ sites | 
disease experimentally. ‘These efforts so far have not been successful. 7 with 
zine | 
F. SOME ADDITIONAL WORK NEEDED Om meth 
medic 


The Secretary's Livestock Advisory Committee, meeting in Febru- comme 


ary 1950, urged that work on X-disease of cattle be expanded 
rapidly as the workers demonstrate a need for additional oor 
Research on diseases rated top priority in the committee’s report, with 7 
emphasis directed toward X-disease and two other diseases. Cor 
The legislative counsel of the National Grange in testimony before “4 infect 
the Subcommittee on Agriculture of the House Committee on Appro- ©@ State: 
priations on March 8, 1949, stated: “Another item of importance to 7¥ measi 
the Grange is funds for the investigation of X-disease in cattle, of South 
which little is known, except of its very damaging effects on growth 1 agence 
and eflicient production of cattle.” of the 
In a national conference on X-disease called at Washington in on Va 
August 1948 by the Bureau of Animal Industry, a resolution was vide e 
adopted by 47 scientists, in attendance from widely scattered States, © 9 regioy 
urging that funds be made available to obtain definite information ; 
by research and survey in order to prevent further losses and spread | 
of X- disease. Ex) 

Con rrou oF INTERNAL Parastres or CATTLE IN THE SOUTH BY 
MANAGEMENT 

(BAI—RM: b-539—Federal-State—RMA Funds) Chi 
outsta 
A. PURPOSE AND NATURE OF CURRENT WORK oa sites 1 
techni 
ferent 


To develop methods of management of pastures and stock in order 
to prevent the animals’ acquiring damaging and fatal parasites. The 
current work is particularly concerned with comparison of parasite) 
attacks on cattle held on improved and unimproved summer pastures} 
that have been rested during the winter, and with studies of intern lf 
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parasites of cattle on various winter pastures. In these investigations 
an attempt is being made to determine which type of pasture manage- 
ment and which winter grazing crop are least conducive to parasite 
infection. Also, work is underway to develop a more effective method 
of phenothiazine treatment for calves in the Gulf coast region. 











B. CURRENTLY ACTIVE LINE PROJECTS 




























I-539-1—Internal parasites of beef calves on improved and unim- 
proved pastures that are rested during the winter. To determine the 
type and intensity of internal parasites in beef calves held on improved 
and unimprov ed pastures, the effect of resting such pastures during 
the winter, and the effect of internal parasites on the physical condi- 
tion and rate of growth of beef calves. 

I-539-2—Internal parasites in beef calves on various types of win- 
ter pastures. To determine the types and intensity of infection with 
internal parasites in beef calves grazing on different kinds of winter 
pastures and, in connection thet ewith, the effect of internal parasites 
on the health and growth of beef calves during the winter. 

[-539-3—C ontrol by use of phenothiazine of gastrointestinal para- 
sites of calves in the Gulf coast region. To develop, through trials 
with range and farm cattle, a method of treatment with phenothia- 
zine to prevent excessive parasitism and death; and to determine 
methods of preventing serious parasitism in calves by feeding pellets 
medicated with phenothiazine and by feeding various minerals and 
common salt mixtures containing this drug. 





C. HISTORY AND EVOLUTION OF THIS WORK 












Considerable work has been done on the survival on pastures of 
infective stages of sheep parasites in different parts of the United 
States, in order to provide necessary information for practical control 
measures. No such work had been done on parasites of cattle in the 
South until this project was begun in the fall of 1949. The Federal 
agency is furnishing trained parasitologists, and the State agencies 
of the area are furnishing the facilities for working with their cattle 
on various animal husbandry- -agronomy experiments in order to pro- 
vide environmental factors that influence parasitism of cattle in that 
region. 







D. FUNDS--ANNUAL EXPENDITURES 


Expenditures were $14,500 in 1950. 














E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





This work has been in progress for slightly less than 1 year and no 
outstanding accomplishments have been made. The species of para- 
sites in the experimental areas have been determined, parasitological 
techniques have been perfected, and equipment installed for the dif- 
ferent experimental procedures. 














F. SOME ADDITIONAL WORK NEEDED 





As this work progresses specific needs for research will undoubtedly 
be indicated. For instance, it is already apparent that cooperative 
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investigations should be developed in which the parasitologists cou| 
work parallel with the animal husbandman and agronomist to dete: 
mine which system of management and which type of pasture afford 
the best method of practical control of parasites. 


REsEARCH ON Foot-anp-Movutu Disrase 


(BAI—m-4—Federal-Foreign—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain additional information on the prevention, diagnosis, 


control, and eradication of foot-and-mouth disease for assistance in the 
cooperative campaign to stamp out the disease in Mexico, where it 
poses a threat to livestock in the United States as long as it persists. 
Current emphasis of the work is placed on developing the practical! 
use of the tissue culture method of producing virus for vaccine manu 
facture, providing an economical means of virus production in thx 
laboratory by using the tissue from the tongues of slaughtered suscep 
tible cattle. Previous methods have required the use of live animals, 
with 1 cow yielding about 250 doses of vaccine. This research is 
currently conducted in European laboratories. 


B. CURRENTLY ACTIVE PROJECTS 


Vaccine studies —To determine the best composition, processing, 
testing, and use of vaccines for the prevention of foot-and-mouth 
clisease. 

Determination of virus types.—To develop procedures and means 
for checking samples gathered from the field to determine whether 
the virus is that of foot-and-mouth disease or other similar diseases 

Tissue culture of foot-and-mouth disease virus—To develop im 
proved methods of growing the virus in the laboratory, thus eliminat- 
ing the necessity of inoculating living cattle for mass production of 
virus for making vaccine. 

Virus studies —To conduct fundamental studies of the viruses « 
foot-and-mouth disease to determine their chemical, physical, biolog 
cal, and other properties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the campaigns against foot-and-mouth disease in the United 
States in 1914-15 and 1924-25, the need for more knowledge about tly 
disease became apparent. In 1925, Congress authorized research 
Europe by an American commission that spent a year visiting 
countries and making special studies of control methods. Valuabi: 
information was obtained, but in 1947 when the Bureau began tl: 
cooperative program with the Mexican Government to eradicate th 
disease in Mexico, it was important to develop further knowledge o! 
methods to be used in control. With this need in view, in 1948 the 
Bureau sent scientists to established European laboratories to becom 
familiar with research techniques for use in control as well as to 
arrange for further cooperative research that would provide add 
tional information for the strengthening of control procedur 


Agreements were made with institutions in the Netherlands, Denmark. 
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and England. These agreements have been renewed each year and 
the research is continuing in the fiscal year 1951. 

In the course of the Mexican campaign, it became evident that the 
slaughter of large numbers of affected and exposed animals could no 
longer be continued. Vaccination was added to the usual procedures 
of inspection, quarantine, slaughter, and disinfection in an effort to 
starve out the virus to a point at which it could be more easily eradi- 
cated. This made it necessary to produce vaccine in Mexico to supple- 
ment and eventually replace the limited supplies available from estab- 
lished foreign laboratories. 










D. FUNDS-—-ANNUAL EXPENDITURES 











All research on this disease has been conducted in foreign labora- 
tories. Expenditures for research authorized in 1925-26 were about 
$40,000. Expenditures for research in connection with the Mexican 
outbreak of foot-and-mouth disease have been as follows: 


Fiscal year 1948______- ieee eurgs 
Piscel-yéer: 1949... ..-..=+.-..- re 258, 000 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 














Production in Mewico of the greatest quantities of vaccine ever pro- 
duced was made possible by the assignment of technical personnel to 
foreign laboratories to obtain experience in production methods. In 
consequence of this training and experience, material was provided 
for more than 60,000,000 vaccinations in Mexico; and, in addition, a 
substantial backlog of vaccine is in reserve for use in emergency in that 
country. 

System of preliminary identification of viruses of suspected cases of 
foot-and-mouth disease in Mexico has been provided by personnel 
trained in Europe through specially established laboratories in Mexico. 
Every report of susp ected foot-and-mouth disease is investigated 
promptly and when suitable specimens are available, laboratory ex- 
inattaa are carried out. Numerous cases of vesicular stomatitis 
(with symptoms almost identical to those of foot-and-mouth disease) 
have been diagnosed by laboratory tests, but no foot-and-mouth 
disease has been discovered anywhere in Mexico since December 1949. 

Laboratory culture of European strains of foot-and-mouth disease 
virus has progressed in the Netherlands to the point where all vaccine 
used in that country is now prepared in this manner. 

Animals vaccinated in Mexico held a practical degree of immunity 
ugainst the disease for 4 | months.—Thereafter it was necessary to re- 
vaccinate. The vaccine was shown to retain potency for about 1 year 
under proper storage conditions. The use of this vaccine is believed to 
have checked the spread of the disease in Mexico. 



















F. SOME ADDITIONAL WORK NEEDED 












Construction of facilities for research on foot-and-mouth disease 
n the United States, as authorized by Congress, is urgently needed for 
better protection of the Nation’s livestock. The disease is generally 
prevalent in most major livestock-producing countries of the world. 
except Canada, Australia, and the United States. Our country has 
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been freed of the disease every time it has been introduced from for 
eign sources, but additional knowledge is needed to aid in control and 
eradication in the event of any future outbreaks. Without specially 
designed and adequate facilities, the Bureau is not in a position to 
provide thoroughgoing diagnosis of vesicular diseases, including foot- 
and-mouth disease. ‘The cooperative research that has been carr ried on 
in foreign countries has been fruitful in providing information that 
has allowed the c campaign against the disease in Mexico to make favor- 
able progress. Without the information thus provided this campaign 
could not succeed. The facilities available for investigation in for- 
eign countries are limited, however, and necessarily devoted primarily 
to their own peculiar domestic problems. The Bureau, on the other 
hand, is especially concerned with keeping foot-and-mouth disease out 
of the United States, rather than in efforts to control it year after year, 
as is necessary in most countries where the disease has become estab 
lished. Furthermore, the United States might be deprived of access 
to foreign laboratories in an emergency which might be the very time 
when they would be needed most by this country. ‘How ever, until such 
time as facilities for this research are provided in the United States, 
cooperative research with established laboratories should continue. 

Further study of virus and vaccine production.—Further research 
is needed to perfect large-scale virus production by the tissue-culture 
method before it can be used in mass vaccine production. Additiona! 
study in this field is also needed to provide a vaccine giving a more 
lasting immunity than any known today. 


CarrLe GruB AND Bor Fiy INVESTIGATIONS 
(BEPQ—I-h-3—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods to control cattle 
grubs, horse bots, and sheep bots that attack livestock. Horse bots 
and sheep bots are among the more important pests of horses, mules, 
sheep, and goats. Cattle grubs, or ox warbles, are estimated to cost 
the cattle industry no less than $100,000,000 each year. The only suc- 
cessful treatment for cattle grubs now known must be applied three 
to five times during winter Months. Research, in cooperation with 
other agencies, is being concentrated on the development of methods 
which may lead to more effective and economical control of these 
insects. None of the bot flies have been reared under laboratory con 
ditions. Work is being conducted on methods of rearing certain 
stages of these insects in the laboratory, because success in this effort 
will permit extension of studies on control methods. An attempt is 
being made to develop a practical method for destroying grubs living 
in the nostrils and sinuses of sheep and goats and to find more prac: 
tical methods for destroying bot fly larvae living in the stomach of 
horses and mules. 


B. CURRENTLY ACTIVE LINE PROJECTS 
I-h-3-1—Development of new and improved insecticides for de 


stroying cattle grubs in animals. New chemicals known to be effective 
against other insects are being applied to cattle to determine whether 
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they will destroy the grubs while in the backs of the animals. Such 
chemicals are also tested to determine whether they will control cattle 
grubs by repelling or killing the bot flies or by destroying the eggs 
deposited on the animals. 

I-h-3-3—Control of bots other than cattle grubs. These investiga- 
tions have as their objective the development of suitable control meas- 
ures for the destruction of the sheep bot fly grubs, a parasite common 
on sheep and goats throughout the Nation. Some studies are also con- 
ducted in efforts to develop safer and more easily applied treatments 
for controlling horse bot fly larvae, serious pests of horses and mules. 

I-h-3-4—Agents for internal treatment of cattle to destroy cattle 
grub larvae and other livestock insects. Due to the high cost of apply- 
ing known control measures for cattle grubs, efforts are directed to- 
ward the successful development of a single treatment that will lower 
cost of cattle grub control, and extend the acceptance of control meas- 
ures resulting in more profitable production of cattle. In efforts to 
develop a single-treatment control procedure, research is under way 
on the injection and feeding of chemicals to laboratory animals in- 
fested with cattle grub larvae. 


C., HISTORY AND EVOLUTION OF THIS WORK 


The earliest scientific investigations on cattle grubs, 1910-20, were 
devoted largely to studying the complex life history of the two kinds 
attacking cattle in this country. Some work was done on a newly 
introduced horse bot fly, during the same period, which caused serious 
annoyance to horses in the North and Middle West. Following the 
discovery of the rotenone treatment for cattle grubs about 1923, steady 
but slow advances were made on methods of employing this insect1- 
cide. Much attention was given to a study of the possibilities of 
eradicating the insect from definite areas through coordinated com- 
munity control efforts. The constant shifting of infested animals, 
especially from open ranges to feeding areas, tends to nullify such 
efforts. One species of grub, formerly limited to the northern part 
of the country, now has spread to about one-half the Nation. The most 
common species is generally distributed throughout the United States. 
The steady increase in numbers and concentrations of cattle has re- 
resulted in more favorable opportunities for the insect to increase, 
offsetting in part the advances made in controlling the insect. 

The diminishing number of horses and mules has decreased the im- 
portance of the horse bot fly problem. Less attention is being given 
to this problem at present, although considerable research on the 
biology and control of these insects was carried out during 1931-35. 


D, FUNDS—ANNUAL EXPENDITURES 


Prior to 1910, total expenditures on the control of cattle grubs, horse 
bots, sheep bots, and related insects probably did not exceed $2,000. 
Average annual expenditures since 1910 were about as follows: 
1911-20, $3,000; 1921-30, $11,000; 1931-40, $22,500; 1941-45, $14.500; 
1946-50, $30,000. Expenditures during 1950 were about $27,000. 


78552—51—vol. 1——11 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Biological studies of bot flies direct control research.—It was found 
in the early stages of these investigations that bot flies have a complex 
life history. They spend most of their lives inside the body of thei ir 
hosts. It has been found difficult to destroy these parasites without 
injuring the animal hosts. Information developed, through research 
on how the insects live, is the basis for all planning of cur rent researc! 
for their control. 

Treatment for horse bot control improved.—It was discovered that 
the eggs of the common bot fly laid on hairs of the horse can be in 
duced to hatch by applying hot water. This prevents natural infesta 
tion of the animal. 

Rotenone insecticides developed for cattle grub control.—The first. 
and still the only practical method was developed for controlling 

cattle grub larvae while still underneath the hide on backs of cattle. 

The use of rotenone applied by hand in various ways first was de 

veloped for treating dairy herds or beef cattle in close confinement. 
These hand application methods, however, are not practical for treat- 

ing large herds of nervous or wild range cattle. High pressure sprays 
were developed subsequently for the control of grubs on range cattle. 
It is estimated that fully 8,000,000 cattle in the United St: ites now are 
treated annually with this insecticide for cattle grub control. 

Improved technique s developed for testing potential grub-killing 
chemicals.—A method developed recently for successful transpl: inta 
tion of grubs from slaughtered cattle into mice, rats, or rabbits, or into 
blood serum in laboratory containers, permits testing many chemicals 
at low cost. 

F. SOME ADDITIONAL WORK NEEDED 


A more effective, more prac tical control for cattle grubs needs di 
velopment.—¥ urther research is required to develop a cattle grub 
treatment that can be applied less frequently, and at a more favor: able 
season, than during winter months when handling of range cattle is 
extremely difficult. There is need to improve current rotenone cattle 
grub-control preparations. Less costly equipment for the application 
of cattle grub sprays should be developed. 

A more practical method of controlling sheep bots needed.—A more 
practical means of reducing loss from the sheep bot is needed. Meth 
ods now in use for controlling this insect must be applied several times 
during the season to obtain satisfactory control. 


INVESTIGATIONS ON Licr, Mires, AND FLRAs 
(BEPQ—I-h-4—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The principal purpose of this work is to develop control measures 
for lice which attack cattle, swine, sheep, goats, poultry, and other 
farm animals and pets. These insect parasites are well known as 
serious pests of domestic animals. Current research is designed 
determine the relative efficiency of various chemicals such as DDT, 
benzene hexachloride, chlordane, toxaphene, etc., against these insect 
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parasites and to develop the most economical methods for applying 
them. Research is also under way to develop the most economical 
and desirable chemicals for controlling fleas on animals, and fleas and 
mites on poultry or in poultry houses and yards. This project is in 
cooperation with the Bureau of Animal Industry. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-h-4-1—Control of lice affecting cattle. The work on this project 
is primarily for the purpose of developing the most practical treat- 
ments for controlling the several kinds of lice which attack cattle, 
especially dairy cattle. Studies are also in progress to obtain infor- 
mation on the life history and habits of a newly introduced louse 
which has become established in the Southern States. These studies 
are especially designed to meet farm conditions in the Southeast and 
in Texas. 

I-h-4-3—Control of lice on livestock other than cattle. Goats, 
sheep, horses, swine, and poultry become infested with one or more 
kinds of lice. The work on the control of the various kinds involves 
tests with new insecticides, especially those that are useful for con- 
trolling other livestock pests such as ticks and flies. The chief em- 
phasis 1s placed on control of these insects in Texas and the Southeast. 

I-h4—6—Control of mites and fleas affecting poultry. Investiga- 
tions are designed to develop materials and methods of applying them 
for controlling mites and fleas in poultry houses:and on poultry 
grounds among large commercial as well as small farm flocks. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Preliminary research on lice, mites, and fleas affecting livestock. 
poultry, pets, and man was reported in Department publications as 
early as 1891. 

Control measures at that time included such remedies as “red pre- 
cipitate” against the crab louse of man; the steeped seed of larkspur 
as a spray on cattle infested with the short-nosed ox louse and “washes” 
of tobacco water for controlling the hog louse. A rather complete 
list of biting and sucking lice affecting man and the lower animals 
appeared in 1891. A short account of the biology of fleas and recom- 
mendations for controlling them with pyrethrum powder was pub- 
lished by the Department in 1896. Since that time investigations 
have been conducted each year. Much work has been done on the 
life history and habits of many species as a basis for developing 
control recommendations for use by the public. (See BEPQ No. 
I-h-5.) Lice, mites, and fleas are important pests that are much 
more easily controlled on livestock than are the majority of other 
pests affecting animals. (The highly significant work of the De- 
partment on lice, fleas, and mites attacking man is discussed else- 
where in this report under project statements on special research 
for the Department of Defense covering investigations of these as 
pests of man.) Considerable progress was made with relatively little 
expenditure of funds on materials and methods of applying control 
measures. In view of the development of a number of effective chem- 
icals, present work supported with regular funds is conducted pri- 
marily to develop the most economical methods of applying the mate- 
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rials and to determine whether insecticides required for other pests 
will also control lice, mites, and fleas. 


D. FUNDS—-ANNUAL EXPENDITURES 


During the period 1915 to 1920 an average of about $4,000 was 
spent annually on pests of livestock and man. Average annual ex- 
penditures since that time were approximately as follows: 1921-30, 
55,500; 1931-40, $8,500; 1941-45, $11,500; 1946-50, $16, 500. During 
fiscal year 1950, $11,000 was spent on this work project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control measures developed for mites and fleas.—Work from 1910 
to 1920 resulted in the discovery that almost complete and long-lasting 
control of mites and fleas could be attained by applying creosote and 
similar materials in poultry houses and other places where these pests 
occur. It was determined that sheep scab mites live but a short time 
off the host and therefore, vacating pastures for long periods is not 
necessary. It was found that the use of naphthaline flakes and pyre- 
thrum and rotenone sprays and dusts provide satisfactory control of 
fleas in homes. During recent years it has been found that mites and 
fleas on poultry farms can be effectively controlled with DDT, lindane, 
and other new insecticides. 

Control measures developed for lice affecting poultry—tThe <de- 
velopment of sodium fluoride and nicotine sulfate treatments for 
controlling lice on poultry during 1915 to 1920 meant much to the 
poultry industry. These treatments have been used universally up to 
the present time, and sodium fluoride has long been considered a spe- 
cific control for all kinds of poultry lice. During recent years DDT 
and lindane are being used more and more extensively. In addition 
to the development of excellent control measures for poultry lice, the 
Department did a great service to the poultry industry and saved the 
industry large sums of money by proving that many early remedies 
sold on the market for mixing in fe eed or water were not only worth 
less but some of them harmful to poultry. 

Control of poultry mites with carbolineum.—The discovery that cai 
bolineum painted on roosts and on the walls of poultry houses provides 
an effective control of chicken mites. 

Control measures developed for lice affecting cattle, swine, shev), 
goats, and other livestock and pets—The development during 1920 to 
1930 of derris and other rotenone insecticides for controlling lice on 

cattle provided an effective, safe, and economical control measure fo! 
lice on cattle, swine, and horses. These insecticides are still used ex 
tensively today. Sulfur dips developed during 1929 to 1935 for con- 
trolling lice on goats and sheep meant much ‘to the goat and sheep 
industry. DDT, methoxychlor, toxaphene, lindane, ‘and chlordane 
have been shown since 1945 to be highly effective for controlling al! 
of the lice affecting livestock. Methods of controlling lice now hav 

been developed to a point where complete elimination of all species 
attacking farm animals can be achieved. 
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F. SOME ADDITIONAL WORK NEEDED 


Research on improved preparation of and better methods of apply- 
ing existing insecticides for controlling lice, mites, and flies affecting 
livestock and poultry would reduce the cost of the control opel rations 
and result in substantial savings to the livestock and poultry indus- 
tries. 

New insecticides under development for controlling other livestock 
pests should be investigated to determine whether they will also con- 
trol lice. A substantial saving for the livestock grow er, particularly 
in labor costs, can be effected ff the same sabeateki and methods used 
for controlling other pests can be modified for use to control lice. 


INVESTIGATIONS ON Horse AND Deer Fires AND MErHops FoR 
Tuetr Conrrou 


(BEPQ—RM: b-538—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to find and develop methods which will 
control horse flies and deer flies in the southeastern and southwestern 
United States. These insects cause severe livestock problems. The 
current work concerns the investigation of breeding places, distribu- 
tion, seasonal abundance, feeding habits, and other aspects of the life 
history of some of the more important of the many kinds of hor se flies 
and deer flies which severely attack livestock, principally cattle and 
horses in the regions mentioned. Information on the biology of the 
flies will form the basis for planning research on various methods of 
control; also information on repellents and insecticides for applica- 
tion to livestock, destruction of breeding — ices by the use of chemicals 
or by draining or impounding swampy area 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-538-1—Investigations on the distribution and biology of 
horse flies and deer flies. To develop, in cooperation with State ex- 
periment stations, information on the life history and habits of horse 
flies and deer flies occurring in the Southeast, prince ipally in Florida, 
and in the Southwest, principally in Oklahoma and Texas. Such in- 
formation to serve as a basis for developing control measures. 

RM: b-538-2—Investigations on the control of horse flies and deer 
flies. To develop control measures for the more important species of 
these insects in areas where investigations are now under way. Special 
attention is given at present to an evaluation of insecticides, such as 
pyrethrum, as a means of protecting cattle from fly attack. 


C. HISTORY AND EVOLUTION OF THIS WORK 


At least 100 different kinds of horse and deer flies occur in the United 
States. They are known to transmit diseases such as tularemia, an- 
thrax, and anaplasmosis to man and/or animals. Thorough investi- 
gations on this problem would require a large research program be- 
cause of the many different kinds of these insects, and very little re- 
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search has been devoted to the problem. Some studies were carried 
out during 1916 to 1918. It was recognized then that these insects in 
general pose a variety of control problems. They were found highly 
resistant to insecticides and repellents which will ‘discourage attack of 
other kinds of flies. There is evidence now that these insects are be- 
coming of increasing importance. This is thought to be due to more 
extensive and more favorable breeding places for the insects resulting 
from expansion of irrigated lands, increase in numbers of stock water- 
ing and farm fish ponds, and the increase in large water impound- 
ment projects. The increase in numbers of farm animals has no 
doubt contributed to severity of the problem. In view of these de- 
velopments there has been increased public demand for methods of 
control for the insect. The industry livestock advisory committee of 
Research and Marketing Administration recommended research on the 
problem, and funds were allocated to initiate research during the fiscal] 
year 1950. 


D. FUNDS-—-ANNUAL EXPENDITURES 


It is estimated that $4,000 was spent annually for research on horse 
and deer flies during 1916 to 1918. Between 1919 and 1950 only inci- 
dental studies were conducted involving an average expenditure of less 
than $1,000 annually. Work under Research and. Marketing Adminis- 
tration funds involved the expenditure of $15,000 during the fiscal] 
year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


No outstanding accomplishments are claimed so far for the work on 
horse flies and deer flies. The development of pyrethrum sprays which 
materially reduce the severity of attack of the insects on dairy cows, 
horses, and mules is of distinct benefit. Treatments for these animals 
are costly, however, and impractical for protection of farm beef and 
range cattle except under the most severe conditions. 


F, SOME ADDITIONAL RESEARCH NEEDED 


Studies on the life and habits of horse flies and deer flies. —A better 
and more complete understanding is needed of the life history, breed 
ing places, feeding habits, seasonal abundance, and other facts regard- 
ing the life of the many troublesome species of horse flies and deer 
flies occurring in the Southern States. 

Insecticide and repellent studies needed.—Pending further informa- 
tion on the biology of the insects, investigations should be conducted in 
efforts to develop more effective and economical insecticides and re 
pellents than any now known for application to animals to prevent 
fly attack. 

Modification of irrigation and water storage practices.—Informa- 
tion should be gathered on the relation between various irrigation, 
drainage, and water storage practices and the breeding of various 
species of horse and deer flies in the Southeast and Southwest. ge 
should be followed by a study of modifications of practices with : 
view to preventing outbreaks of these dangerous pests. 
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CROSS REFERENCES-——PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


DAE—a-1-22, Chapter 24, relation of feed and livestock production. 

BAE—SRF-2-115, Chapter 24, feed output relationships for hogs and cattle. 

BAE—RM :a—60, Chapter 8, use of farm-grown feeds. 

BAI—c-4-1, Chapter 31, stock poisoning by plants. 

BAI—c-5-3, Chapter 4, coccidiosis. 

BAI—c-7-1, Chapter 31, parasites of food animals. 

BAI—c-7-2, Chapter 31, parasites of dogs, wild animals, and birds transmissible 
to livestock. 

BAI—c-S-1, Chapter 31, external parasites. 

BAI—h-1, Chapter 35, inspection and quarantine of imported animals. 

BAI—m-1, Chapter 35, control of foot-and-mouth disease of cattle. 

BAI—m-2, Chapter 35, enforcing quarantine for foot-and-mouth disease. 

BAI—m-38, Chapter 35, inspection for foot-and-mouth and other animal diseases. 

BAI—Brucellosis and tuberculosis eradication, Chapter 35. 

BAI—Control of virus, serums, ete., Chapter 35. 

BAI—Laboratory services for regulatory, control, and eradication programs, 
Chapter 35. 

BAI—RM :a-371, Chapter 8, feeds. 

LAI—RM :a-508, Chapter 8, feeding pellets. 

BAIC, BAI, BDI—RM: a-307, Chapter 14, feeding waste products to livestock 
and poultry. 

BDI, BAI—RM :a-7, Chapter 8, availability of nutrients in forage. 

BDI, BAI-—RM :b—408, Chapter 2, fertility of bulls. 

BDI, PMA, BAI—RM :c-2738, Chapter 8, comparative value of hays with different 
nutritive values, 


forage to nutritional troubles in animals. 

BPISAE, BDI, BAE—RM :b-99, Chapter 22, influence of soil deficiencies in live- 
stock production. 

BATC-SRF-2-110, Chapter 38, allergens of johnin and tuberculin. 


B. UTILIZATION 
Pork Sruptes 
(BAI—b-1-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To determine and evaluate (a) the effect of breeding, feeding, 
and other swine-production factors on the significant characteristics 
of dressed carcasses and the quality and nutritive value of pork; (b) 
the basic factors involved in the preservation and storage of pork and 


pork products; (c) the significant characteristics of hogs and hog 
carcasses associated with the various classes and grades, as a basis for 
further improvement of grade standards; and (2) to develop improved 
methods for estimating the meat yield of the slaughter animal and of 
the dressed carcass. Current work is particularly concerned with the 
development of an “ideal” meat-type hog and research on curing and 
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freezing pork, directed toward the production of a preserved product 
of higher quality and nutritive value. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-7-1—Meat characteristics of hogs representing certain breeds 
and crosses.—To evaluate, in terms of such characteristics as yield of 
preferred cuts, fatness, fat distribution, and the ratio of lean meat 
to bone, certain bveeds and strains for crossbred foundations for use 
in developing impcoved strains. 

b-1-7-2L—Meat characteristics of hogs representing certain strains 
developed from tae cross between the “Danish Landrace and Hamp- 
shire breeds. To evaluate certain strains of Danish Landrace 
Hampshire hogs and provide a basis for improvement of their meat. 

b-1-7-3—Usefulness of proportions of primary cuts in evaluating 
breeds, crosses, and lines of hogs. To determine the value of the yields 
of certain combinations of pork cuts in differentiating between hogs 
with respect to breeding. 

b-1-7-+— Effect of enzyme activity on pork in freezer storage. ‘To 
discover the advantages and disadvantages of inactivating the enzymes 
of pork by means of heating preparatory to freezer storage of the 
product. 

b—-1-7-5—Effect, on pork, of exposure and nonexposure to air in 
freezer storage. ‘To determine flavor and related chenhical changes 
that occur from exposure to air during freezer storage. 

b-1-7-6—Desiccation (drying out) of pork in freezer storage. To 
learn the unfavorable effects of the loss of moisture from pork in 
freezer storage and the amount pork can lose before it becomes 
objectionable to the consumer. 

b-1-7-7—Relative development of rancidity in cured and uncured 
pork in freezer storage. To find the difference in rates at which 
rancidity develops in cured and uncured pork stored at freezing 
temperatures. 

b—-1-7-11—Methods of injection for the quick curing of hams. To 
develop an improved method of injecting curing solution into hams 
that will produce results approaching as closely as possible those ob- 
tained with artery injection under commercial conditions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Severe price discounts on soft pork suffered by farmers and growers 
when they took hogs to market, together with a growing consumer 
demand for meatier, firmer pork, led to this project. Studies were 
begun in 1919 when the first steps were taken in organizing a program 
of cooperative research on soft pork with a large — of State 


experiment stations. This work involved numerous problems con- 
cerned essentially with the effects of different feeds and feed combina- 
tions on the firmness of pork and was carried on intensively for about 
10 years. By that time it had become evident that the quality and 
nutritive value of pork involved numerous other characteristics of the 

product, such as fat, lean, and bone content, tenderness, flavor, juici 
ness, and nutritive properties. These were believed to be influenced 
by various production, processing, and preservation factors. There- 
fore, during the last 20 or more years the work has been expanded to 
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obtain any information on pork that would be of benefit to producers, 
processors, and consumers. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimates for early years are difficult to obtain because there was 
one project covering ‘sul with beef, pork, mutton, and goat meat. 
Direct expenditures for meat work varied from about $10,000 in 1995 
to $29,000 in 1934. Direct expenditures for pork and lard studies have 

ranged from slightly less than $17,000 in 1935 to about $24,000 in 1943. 
In 1942 and 1943 emergency funds were made available to the De- 
partment for meat dehydration studies, certain phases of which were 
conducted by the Bureau. The total expenditures for those meat de- 
hydration studies of the Department were approximately $16,000 
and $123,000 respectively. About $12,000 was also expended from 
emergency funds from 1946 to 1948 for studies of the keeping quality 
of Army bacon. “xpenditures for pork and lard studies ranged from 
about $25,000 in 1944 to $20,500 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that firmness of pork fat is governed by type of feeding.— 
The firmness of the fat stored by hogs was found to be governed pri- 
marily by the amount and firmness of fat in the feed, and secondarily 
by the relation of the amounts of carbohydrates and protein, particu- 
larly the former, in the feed to the rate of fat deposited in the body. 
The Bureau found that pigs weighing approximately 100 pounds, and 
self-fed peanuts or grazed on them for 60 days, produced soft or oily 
carcasses. It was not possible to produce firm carcasses by feeding 
corn and tankage or corn and cottonseed meal to such hogs for a sub- 
sequent period of 60 days, although the fat was made firmer by the use 
of those feed combinations. Hogs fed corn and tankage gradually 
became firmer as they gained in weight. When slaughtered at 175 
pounds or more they were usually satisf: ictorily firm. Brewer's rice 
had a distinctly greater hardening effect than corn on the fat hogs. 
These procedures provide a guide to hog growers and feeders on how to 
avoid price discounts on soft and oily carcasses. The findings permit 
a choice of feeding methods, dependent on feed supplies, to insure firm 
meat and fat. 

Obtaining comparative data on meat yields of gilts and barrows.— 
Experiments showed that gilts produce higher proportions of ham and 
loin and lower yields of fat and bacon than comparable barrows. Since 
continued feeding ordinarily increases the proportion of fat, these 
results show that the grower should market barrows at lighter weights 
than gilts. 

Finding a practical measurement of fatness of hogs.—Both cutting 
yields and thickness of back fat have been found to be reliable indices 
of over-all fatness of the hog. This provides a practical measurement 
by packers for comparison of meat and fat content, and enables pro- 
ducers to receive premium payments for high-quality hogs. 

Determination of ideal hog for meat produc tion —The ideal hog for 
meat production, as determined by the Bureau, will yield the maxi- 
mum proportion of the preferred cuts—hams, loins, bacon, picnic 
shoulders, and shoulder butts. In hogs weighing approximately 225 
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pounds, equivalent to about 210 pounds of slaughter weight, this com 
bination of cuts should represent not less than 50 percent of the live 
weight. Moreover, the thickness of back fat should be not less than {.5 
inches nor more than 1.75 inches. The minimum thickness insures 
satisfactory firmness of carcass when the hog has been fed a standard 
ration of corn and nonsoftening supplements; the maximum avoids 
excess fat. Growers who market such ideal hogs may expect better 
prices. These meat-type hogs are rapidly being ‘recognized by buyers 
as providing better cuts and reducing the excess of lard in accordance 
with consumer demand. 

Development of method of dehydrating meat—Of several methods 
tested during World War II for dehydrating meat, the vacuum rotary 
combined the most good points. Drying was accomplished in a mini 
mum of air and with rotary agitation of the meat in a steam-jacketed 
cylinder. Although current demands for dehydrated meat are rela- 
tively small, the methods developed have high value in times of 
emergency when meat must be stored for extended periods and shipped 
long distances. 

Discov ry of cause of ham spoilage in Curing. —FEarly work in the 
Bureau of Animal Industry established Bacillus putrefaciens as the 

causative agent of souring in long-cured hams. Recent work has 
shown that spoilage is certain to occur at 44° F. when these organisms 
are present before curing, and will occur at 50° regardless of the initial 
presence of B. putrefaciens. A temperature below 44°—probably as 
low as 38°, which often is not obtainable under farm conditions—is 
needed to protect hams from spoilage while in cure, at least when 
customary methods of curing are used. These findings are of particu 
lar importance to farmers and other small pork processors, since they 
provide a guide to minimum temperature requirements. 

Vacuum packi ing found to be an asset in tre ezer stor age. —Researe *h 
showe d that vacuum-packed fresh pork maint: aioe its quality as well 
at 15° asat 0° F. Thus, the use of vacuum in the container reduces the 
cost of refrigeration. 


F. SOME ADDITIONAL WORK NEEDED 


Development of lines of hogs representing further improvements 
with respect to meat characteristics —F at distribution is one of the 
most important meat characteristics of hogs. With a modified distri- 
bution of this component of the carcass involving, for example, less 
fat on the back and jowl and more fat on the belly (bacon), an increase 
in the yield of preferred cuts and less lard might well follow. Perhaps 
fully as important, or more so, is the proportion of fat deposited 
within the muscle tissue or lean meat. Since this fat has an important 
bearing on the desirability of meat, information as to the optimum 
proportion and means of obtaining it would be helpful. The influence 
of feeding methods, as well as breeding, should be explored in connec- 
tion with this problem. 

Control of pork spoilage organisms.—In order to develop better 
farm-curing methods of pork, more information is needed as to the 
specific inhibition, brought about by the various curing ingredients, 
against organisms causing spoilage at temperatures likely to be ob 
tained under farm conditions. 
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Development of methods for freezer storage of pork.—It is now 
generally recommended that 0° F. be used for the freezer storage of 
pork. However, meat freezes at about 29°, and it is possible that with 

sroper control of other factors, temperatures above 0°, which would 
oe less costly, can be used satisfactorily. This possibility should be 
explored fully. All the other basic factors involved in freezer storage 
of pork and pork products, such as oxidation, desiccation, enzyme 
action, and growth of micro-organisms, should be taken into account 
in the dev elopment of storage methods that are most economical and 
yet effective. 
' Effects of new techniques—Techniques, such as ultrasonic (high 
frequency sound waves) and cathode ray irradiation, to inactivate 
enzymes and bacteria and perhaps to produce other beneficial effects 
in foodstuffs, are recent developments. Research on the application 
of these and similar techniques to meats is urgently needed. 


Beer AND VEAL Sruptes (Beer Carrier) 
(BAI—b-4-4—Federal-State—Regular Funds) 
Breer AnD Veau Srupres (Dvuat-Purrosr Carrie) 
(BAI—b-5-3—Federal-State—Regular Funds) 

A, PURPOSE AND NATURE OF CURRENT WORK 


To determine (1) the effect of cattle breeding, feeding, and other 
production factors on the characteristics of dressed carcasses and the 
quality and nutritive value of beef and veal; (2) the basic factors in 
the preservation and storage of beef and veal and their products; (3) 
the characteristics of cattle and calves and their carcasses that are 
associated with the various market classes and grades, as a basis for 
forming and improving grade standards; and (4) to develop improved 
techniques for evaluating the characteristics of slaughter cattle and 
calves, their dressed carcasses, meat, and meat products. The current 
work is largely concerned with evaluating certain sires and lines of 
breeding in terms of meat factors such as market grade, yields of pre- 
ferred cuts, fatness, ratio-of lean meat to bone, and tenderness of steer 
progeny ; and research on basic factors in preservation by freezing and 
freezer storage to produce more acceptable and nutritious preserved 
products. Studies on beef and veal from dual-purpose cattle were 
seme in 1952, and since that work has been carried on in conjunction 
with the studies on beef cattle the present statement is submitted as a 
combined report. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b4++-1, b-5-3-1—Meat characteristics of cattle representing cer- 
tain types and strains in the Shorthorn breed. To determine the sig- 
nificant meat characteristics of certain types and strains in the Short- 
horn breed as a means of providing a basis for the improvement of 
such strains. 

b-44-2—Meat characteristics of cattle representing certain strains 
and crosses. To evaluate the significant meat characteristics of certain 
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strains of Hereford cattle and crosses with other breeds, as a means 
of providing a basis for the improvement of such strains. 

b-444, b-5-3-2—Meat characteristics of crossbred types of cattle 
in relation to the adaptability of such cattle to the conditions of south 
eastern United States. With respect to the more important meat char 
acteristics, to evaluate crossbred types of cattle possessing various 
proportions of Guzerat (one of the Brahman breeds), Red Polled, and 
Hereford blood. 

b+44-6, b-5-3-4— Effect on beef of exposure and nonexposure to 
air in freezer storage. To determine the effect of oxidation and desic 
cation (drying) in freezer storage on flavor and related chemical! 
changes in beef. 

b+-4+-7, b-5-3-5—Tenderness of beef as affected by length of the 
“ripening” period prior to freezing. To discover the relation betwee: 
tenderness of beef and duration of the period of ripening that precedes 
freezing. 

b4+4-8, b-5-3-6—Rate of freezing and microscopic structure of 
frozen meat as influenced by size of cut. To determine the effect of 
size of cut on rate of freezing and on the microscopic structure of 
meat. such as diameter of muscle fibers and related characteristics 
when beef is subjected to various temperatures. 

b+t4+-9, b-5-3-T7T—Tenderizing effect of freezing as influenced by 
the composition of beef. To determine the tenderizing effect of freez 
ing at a given temperature as influenced by the original composition 
of beef, with special reference to fatness. 

b4t4-10, b-5-3-8—Microscopic structure of meat in relation to the 
tenderness of different muscles of beef carcass. To obtain informa 
tion on the relationship between the diameter of muscle fibers and 
tenderness, and to study the content and distribution of connective tis- 
sue in relation to tenderness. 

b4++4-11, b-5-3-9—Usefulness of proportions of primary cuts in 
evaluating types and strains of Shorthorn cattle. To determine the 
usefulness of the proportion of certain primary cuts (rib, loin, round) 
or combinations of these cuts in evaluating different types and strains 
of Shorthorn cattle. 

b+4—t-12, b-5-3-10—Objective methods for classifying beef car 
casses with respect to market grade. ‘To develop more precise, repro 
ducible methods for classifying beef carcasses with respect to market 
grade that can be used to supplement or replace present methods 
based on human judgment. 


C. HISTORY AND EVOLUTION OF THIS WORK 


As a growing America needed more meat for its tables after World 
War I and demanded higher meat-quality standards, cattlemen sought 
new ways of determining and improving the palatability and quality 
of beef and veal. Federal and State help on the problem was pro 
vided in 1925, when the Bureau of Animal Industry began this proj 
ect, with cooperation from agricultural experiment stations in the 
beef cattle-growing States. A few years earlier some foundation had 
been laid through feeding trials, but these were concerned largely with 
rate and economy of gain. It was recognized that sound methods 
of evaluating the important characteristics of beef had to be devel 
oped before quality could be consistently improved, so the project 





beg 
eXé 
an: 
ure 
Sti 
an 
col 
cha 
stu 
15. 
of | 


ane 


} 
one 
Dir 
192) 
vea 
tha 
gen 
hyd 
Bu 
app 
beet 
$19, 


F 
unyr 
gral 
be a 
erat 
yell 
sour 
as tl 
pric 

dD; 
tiger 
obta 
fed ; 
fed £ 
meat 
of m 


long 


than 
had | 


steer 


































LIVESTOCK 165 





began with efforts to “break down” beef for definite analysis. For 
example, fat content could be determined 5 ancl and chemical 
analyses, which were exact measures, but tenderness could be meas- 
ured at that time only by human judgment, which is inadequate. 
Studies followed on the effects of breeding, feeding, age, sex, grade, 
and management practices on fatness, ratio of lean meat to bone, 
color, yields of cuts, tenderness, flavor, juiciness, and other important 
characteristics. In 1942 and 1943, during World War IT, emergency 
studies were conducted to develop methods of dehydrating beef. About 
15 years ago, as a result of the troduction of freezer-locker storage 
of meats, many problems relating to that form of preservation arose 
and have necessitated continued intensified research. 


D. 





FUNDS—-ANNUAL EXPENDITURES 


Estimates for early years are difficult to obtain because there was 
one project covering studies with beef, pork, mutton, and goat meat. 
Direct expenditures for work on meat varied from about $26,000 in 
1926 to $29,000 in 1934. Direct expenditures for studies of beef and 
veal from beef and dual-purpose cattle have ranged from slightly less 
than $15,000 in 1935 to about $17,000 in 1943. In 1942 and 1943 emer- 
gency funds were made available to the Department for meat de- 
hydration studies, certain phases of which were conducted by the 
Bureau. The total expenditures for meat dehydration studies were 
approximately $16,000 and $123,000, respectively. Expenditures on 
beef and veal studies have ranged from about $17,000 in 1944 to 
$19,200 in 1950. 






E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Finding that price discrimination against grass-fattened cattle is 
unjustified when their finish (fatness) equals that of cattle fattened on 
grain and hay in dry lot. The Bureau found no differences that could 
be attributed to method of fattening, in dressing percentage, carcass 
grade, proportion of edible meat, and palatability. Moreover, the 
yellower fat of the grass-fed cattle contained more carotene, the chief 
source of vitamin A, and the beef “ripened” in the cooler fully as well 
as that from grain-fed cattle. As a result, there is less tendency for 
price discrimination against grass-fed beef. 

Discovery that rate of feeding influences fat distribution in muscle 
tissve.—One of the most important problems in beef production is to 
obtain more favorable distribution of fat in the beef carcass. Cattle 
fed a limited grain ration to the same degree of finish as others full- 
fed grain had a higher proportion of fat within the muscle tissue (lean 
meat) than the latter cattle and therefore produced a higher quality 
of meat. However, they required more feed per pound of gain and a 
longer time than the others to attain the stage of equal fatness. 

Nmall differences found in quantity and quality of meat from cattle 
fed full and two-thirds rations of grain. 

Finding that price discrimination against unbred heifers, sold for 
beef, is unjustified —Heifers were found to deposit fat more rapidly 
than steers, with the result that heifers weighing about 700 pounds 
had a degree of finish or thickness of external fat, equal to that of 
steers welghing about 835 pounds. They also had more intermuscu- 
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lar fat. No differences were observed in tenderness and flavor of the 
roasted meat of the two groups of cattle. 

Development of rapid, economical methods for estimating the com- 
position of beef carcasses and cuts—It was determined that the sep- 
arable fat content of the ninth-tenth-eleventh-rib cut is a very good 
index of the separable fat content of the entire dressed carcass and 
the percentage of ether extract (a chemical measure of fatness) of the 
edible portion of the same three-rib cut is highly correlated with that 
of the carcass. Equations were developed for estimating carcass 
values from those obtained by analysis of the three-rib sample from 
the carcass. This method is now widely employed in estimating car- 
cass fat content. 

Disecore ry that free Zing increases tenderness of be ef—A tempera- 
ture of — 10° F. appears to be the most desirable from the standpoint of 
tenderness of beef. Reduction of temperatures beyond this point did 
not further increase tenderness, in work carried on by the Bureau. 

Procedure for tenderizing beef and preventing spoilage —To ten- 
derize beef and minimize the danger of spoilage, the Bureau found 
that aging the meat for approximately 15 days at 34° F. and then 
freezing it at —10° was highly effective. This information is of con- 
siderab ie prac tic ‘al value to farmers and other meat handlers. 

Deve lopme nt of met hods for de hydr ation of bee f —During the w ar 
years 1942 and 1943, intensive emergency research was carried out to 
develop adequate practical methods for dehydrating beef. The in- 

vestigation included studies of dehydration processes, packaging, 
storage, compressibility, and the palatability and nutritive value of 
the products. Of the various processes studied the vacuum rotary, 
oicatabsanieia drying with minimum exposure to air and rotary agitation 
in a steam-jacketed cylinder, seemed most desirable. Dehydrated beef, 
properly prepared and packaged, represents a safe, nutritious, and 
long-keeping product. The process developed is available for future 
national emergencies when large quantities of beef must be preserved 
and shipped. 


F. SOME ADDITIONAL WORK NEEDED 


Beef from dairy-type cattle — Research should be initiated on the 
quality and nutritive properties of beef from dairy-type cattle. spa h 
of the beef consumed in the United States comes from such cattle an 
little information on its quality is available. 

Research on veal.— -Although veal is consumed in rather large qua 
tities in this country, the annual per capita consumption having 
ranged from 6.3 to 194 pounds during the last 20 years, practically no 
information is available concerning its variations in quality and nu- 
tritive value and the factors responsible for such variations. Breeding 
methods of feeding and management of calves, ripening of dressed 
carcasses, and preservation by freezing are examples of studies that 
should be undertaken. 

Characterizin J market grades of beef in more definite terms.—The 
use of more definite, objective, and measurable terms for market grades 
of beef continues to be a pressing need. The determination of grade 
through the use of subjective methods involving human judgment as !s 
done at present, is always open to question or even criticism. A] 


though some progress has been made and useful average values have 





bee 
rea 
of 
ins 
/ 
ten 
the 
In | 
at 

anc 
fre 
nee 
pre: 
L 
Em 
tion 
pro 
did 
pers 
was 
this 
may 
Z| 
cath 
desit 
tent: 
to m 


To 
tive 
encec 
and 
Inspe 
rent 
Live ] 
detect 
meat 


i—4- 
he pi 
value 

i-4 


or sa 


f 
acter 


proces 



















processing into sausage. 


LIVESTOCK 167 





been established, effort should be increased to develop precise and yet 
readily applicable methods for determining with certainty the grades 
of individual carcasses of beef—at least in ‘question: ible or border-line 
instances. 

Basie fac tors involved in tree 2ing and free zer-storage of beef. —In- 
tensified research is needed to throw light on such basic factors as 
the reaction of frozen beef to air exposure during storage, changes 
in muscle tissue and their relation to tenderness during long storage 
at freezer temperatures, and methods of inhibiting enzyme activity 
and particularly bacterial growth during freezer storage at high 
freezing temperatures. Solution of these and related problems is 
needed to develop better and perhaps more economical methods for 
preserving flavor and quality in frozen beef 

Dehydration process w ith re spect to keeping quality of beef.— 
Emergency research in 1942 and 1943 produced much useful informa- 
tion on methods of dehydrating beef. However, the method that 
produced the most acceptable product as freshly dehydrated material 
did not insure good keeping quality. When stored at ordinary tem- 
peratures the quality of product rapidly decreased. Enzyme action 
was believed to be the principal cause. Research should be done on 
this and closely related problems in preparation for the time when it 
may again be necessary to produce dehydrated meat on a large scale. 

The use of new tec hnique s, such as high- frequency sound waves and 
cathode rays to inactivate enzymes and bacteria and to promote other 
desirable changes in foodstuffs, has recently attracted considerable at- 
tention. Research on the application of these and similar techniques 
to meats is urgently needed. 












CHEMICAL AND NUTRITIONAL INVESTIGATION OF MEAT AND 


Meat Propucts 
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Federal—Regular Funds) 











A. 





PURPOSE AND NATURE 





OF CURRENT WORK 





To obt: un information on the composition, bacteria content, nutri- 
tive val lue, and wholesomeness of meat and meat products, as influ- 

need by the nutrition of the animal, cold storage, curing, processing, 
and woe factors, objectives of fundamental importance to meat 
uspection and the meat-packing and the livestock industries. Cur- 
rent work is particularly concerned with the composition and nutri- 
tive properties of lard, the bacteria content of sausage, methods of 
letecting spoilage in meats, and the nutritive value of the protein in 
meat as related to its amino acid content. 








B. CURRENTLY ACTIVE LINE PROJECTS 









i-4-1-3—Supplemental value of certain essential amino acids for 
he protein in different kinds of meat. To determine the nutritive 


value of the protein in different cuts of lamb. 


i4+-1-4—-Causes of the spoilage of fresh pork sausage and methods 


for satisfactory control. ‘To investigate the channels through which 


acterial contamination occurs in the handling of sausage meat and its 
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C, HISTORY AND EVOLUTION OF THIS WORK 


As a result of problems involved in enforcement of the Meat Inspec- 
tion Act, and to insure wholesome, nutritious meat and meat products 
for consumers as well as to aid the livestock and meat-packing indus 
tries with processing problems, the Bureau began this project in 191° 
Early studies dealt with questions of proper meat- -curing ingredients, 
effects of cold storage, and chemical measurement of nutr ‘itive e qualitie S 
and wholesomeness of meat. Later, in the 1920’s, the work included 
research on the vitamin content, nutritive value of protein, and the 
digestibility of meat and meat products. Special research was made 
to determine possible variations in nutritive value in meat from differ- 
ent classes of animals and different cuts of meat. During Wor! 
War II, for the benefit of the Armed Forces, nutritional studies of 
both fats and proteins in meats were made. As the project neared 
its close, on June 30, 1950, specific attention was given to researc) 
on control of contamination and spoilage in sausage making. 


D. FUNDS—ANNUAL EXPENDITURES 


Direct expenditures have ranged from about $10,500 in 1923 to 
about $12,000 in 1949. Expenditures in 1950 were $11,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of nitrite salts into meat-curing procedures, carried 
out under Federal Meat Inspection, was an important landmark in the 
pioneer work of this project. Earlier, exclusive dependence was 
placed on nitrates as coloring agents. Experiments proved that fixa 
tion of the desired red color in cured meat was effected by the nitrite 
salts in saltpeter, commonly used in the curing process, and that simple 
forms of these nitrites could be used instead of the full nitrate. 

Substitution of corn sugar for cane and beet sugar in curing me eg 
Because of the shortage of cane and beet sugar during World War I, 
experiments were conducted to determine whether corn sugar co a 
be used successfully in curing meats. Experiments conducted in sev- 
eral meat-packing establishments showed that refined corn sugar could 
be used with satisfactory results. It is now used extensively in the 
meat-packing industry. 

Discovery of the high vitamin B content of pork.—Studies on the 
vitamin B content of the lean meat and edible viscera of cattle, sheep, 
and lambs showed that the lean pork had a relatively high vitamin B 
content. Pork is now generally recognized as one of the best sources 
of this vitamin in the American diet. 

Det Té PMINING é fre ct of c hange 8 in fre sh be é f during cold storage —lIn 
beef stored for various periods at temperatures above freezing, it was 
found that the chemical changes that took place were without apparent 
effect on the nutritive value or wholesomeness of the product. How- 
ever, the changes in the fat after long periods of storage resulted : 
rane idity and rendered the fat abate for food. The bacteria a1 1 


molds that developed during storage grew chiefly on the surface of th 

meat and did not penetrate the muscular tissue to any extent. Th 
principal effect of cold storage on the palatability of beef was a marked 
increase in tenderness that reached a maximum after 2 to 4 weeks of 
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action. 

Determination that the ratio of protein to moisture serves as the 
best measurement of suitability for food of carcasses of very thin 
and of emaciated cattle. This method provides inspectors with an 
accurate guide to condemnations of unsatisfactory beef from such 
sources. 

Nutritive properties of lard and other shortenings.—Experiments 
showed that lard has a higher digestibility than mixed animal and 

vegetable shortenings or hardened - vegetable shortenings. Tests also 
indicated that the average growth-promoting values of the three types 
of shortening are similar. 

Determination of the nutritive value of pork protein and its supple- 
mental value for bread protein.—In experiments with albino rats, the 
protein in the lean meat of hams, loins, picnic shoulders, and butts 
was found to be much more digestible than the protein in different 
kinds of bread. The growth-promoting properties of the protein in 
the different cuts of pork were also much higher than those of bread. 
However, when bread was fed in combination with roast pork so that 
each contributed the same quantity of protein, the growth-promoting 

value of the mixed proteins was as high as that of pork protein alone. 
These results indicate the importance of pork in the human diet in 
extending the nutritive value of high-cost proteins. 

Need for special care in handling to avoid spoilage of pork trim- 
mings used to make sausage was demonstrated by discovery that 
“off” flavors were due to the growth of lactic-acid-forming bacteria. 
These bacteria were found to be more prevalent on the trimmings than 
on various items of plant equipment, and packers have been advised to 
adopt strict sanitary measures to prevent such spoilage. 


This increased tenderness could not be attributed to bacterial 












F, SOME ADDITIONAL WORK NEEDED 
This project terminated as of June 30, 1950. 
Processing IN RELATION TO PRESERVATION OF QUALITY AND NUTRITIVE 


wr Mears 





VALUE ¢ 










(BAI—RM : a-36—Federal—RMA Funds) 







A. PURPOSE AND NATURE OF CURRENT WORK 







To develop methods of meat processing, including curing and freez- 
ing, that will prevent deterioration in quality and nutritive value 
duri ing proc essing, storage, and distribution ; and to determine ch: anges 
n quality and nutritive value in relation to methods of processing 
a conditions of storage. Current work is particularly concerned 
with (1) analysis of data from Nation-wide surveys to determine the 
typical methods of processing and storing cured and frozen meats in 
the United States by farmers, commercial meat-packing plants, and 
frozen-food locker plants, to be used as a basis for developing the 
best methods for these purposes: (2) determination of bacteria con- 
tent, nutritive value, and palatability of typical commercial cured 
hams; and (3) study of some of the ty pical methods of farm curing 
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to establish dependable procedures for use by farmers, small meat 
handlers, and others in various parts of the country. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-36-1—Curing and storage of cured meat in relation to pres- 
ervation of quality and nutritive value of the product. To deter- 
mine the changes in quality and nutritive value of cured meats during 
processing, storage, and distribution by typical methods; to develop 
methods of curing and subsequent he indling of meats that will insur 
effective preservation as well as high quality and nutritive value. 

RM : a—-36-2—F reezing and freezer storage of meat in relation to 
preservation of quality and nutritive value of the product. ‘To deter- 
mine the changes in quality and nutritive value of frozen meats dur- 
ing processing, storage, and distribution by typical methods; to de- 
velop methods of freezing and freezer storage that will insure the 
effective preservation of high quality and nutritive value in the 
product. 

C, HISTORY AND EVOLUTION OF THIS WORK 


Every year millions of pounds of meat are lost owing to faulty 
methods of curing. Many more millions of pounds, although edible 
and wholesome, are of unsatisfactory quality because poor “methods 
of curing are used. About 15 years ago storage of meats in freezer- 
locker plants was begun in this country, and a remarkable increase 
in the number of such plants has followed. This development has 
resulted in many problems relating to that form of preservation of 
meat. Furthermore, the Department has long been concerned with 
problems relating to the curing and storage of cured meats and for 
about 10 years with problems created by the increasing use of low 
temperature for meat preservation. However, it was not until this 
project becamre effective in 1948 that funds were adequate to study 
meat curing and freezing problems intensively. The first major step 
was a survey to determine the typical methods of curing, freezing, and 
storage of meats by farmers, locker-plant operators, and commercia! 
packers. Work has begun on the evaluation of these methods in terms 
of the quality and nutritive value of the products, and the results will 
serve as a basis for devising new methods and improving present 
ones. In order to carry out the objectives of the project, additional 
processing equipment and supplemental laboratory facilities hav 
been made available. 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 
Fiscal year 1948, $58,400 (BAT) ; $4,900 (BAE). 
Fiscal year 1949, $52.200 (BAT) ; $11,200 (BAE) 
Fiscal year 1950, $66,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
This is a relatively new project that has required some time for 


organization and for basic surveys, as well as for obtaining the neces 
sary additional processing equipment and laboratory fac ilities. Basic 
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surveys were conducted by the Bureau of Agricultural Economics in 
the fiscal years 1948 and i949. The technical phases of the work are 
just now getting well under way. Consequently, results as yet are 
only ina preliminary stage. 








F. SOME ADDITIONAL 





WORK NEEDED 








a uring and freez ing of meats in freez eT locker plant s.—There is 
urgent need for the ev valuation of the meat- -curing and freezing meth- 
ods most commonly used by frozen food locker plants for the pur- 
pose of singling out and further improving the better procedures. 
Effects of extremely low temperatures on tenderness, other quality 
factors, and nutritive properties of pork, beef, lamb, mutton, and veal; 
rate of moisture loss and development of rancidity; curing of hams 
and other pork cuts at relatively high temperatures; development of 
more advantageous mixtures of curing ingredients; and the effects 
of differences in density of smoke in curing meat. Such research 
would be of great value in commercial application, especially by the 
smaller units of the meat-curing indu&Stry. 


ProcessInGc AND Uriiization or Larp anp Orner Meat Byrropuctrs 







(BAI—RM: a-510—Federal—RMA Funds) 
















A. PURPOSE AND NATURE OF CURRENT WORK 







To develop improved methods of processing, preservation, and 
utilization of lard, other animal fats, and meat byproducts; to deter- 
mine the nutritive values of these byproducts and ways of improving 
them so they will be acceptable to the public. 









B. CURRENTLY ACTIVE LINE PROJECTS 













RM: a—510-1—Improving the quality of lard through processing. 
l'o determine the significant factors in rendering and processing lard 
that affect its quality and utilization and to determine means of im- 
proving its quality, utility. and economic value. 





C. HISTORY AND EVOLUTION OF THIS WORK 
















Recognition of the need for supplementing research on animal and 
meat production with studies on the processing, preservation, and 
utilize sion of meat products has resulted in the carrying out of con- 
-iderable investigation on the principal products of our meat animals. 
However, limited funds have permitted little research to be done on 
the various meat byproducts which represent a considerable 1 propor- 
tion of the carcass and of the total value of the animal. The initiation 
of research under the present project was made possible by an allot- 


ment of funds in 1950, The actual work began about February 1. 
1950. : 





D. FUNDS-—-ANNUAL EXPENDITURES 





This research was initiated in the fiscal year 1950. Expenditures 
for that year were $18,900. 


AGRICULTURAL RESEARCH AND RELATED SERVICES 


FE. EXAMPLE OF OUTSTANDING ACCOMPLISHMENTS 


A survey of currently needed technological improvements in the 
animal-fat industry has been successfully completed. A systematic 
study was made of current processing methods practiced ‘by about 
40 meat-packing firms, frozen-food-locker plants, and research agen- 
cies. Commercial handlers also were asked to outline pr oblems re 
lated to processing lard and other animal fats and in handling other 
edible byproducts. The information on variations in methods, prob- 
lems, and research needs of producers, both large and small, will be 
analyzed thoroughly as a starting point on the problems most urgently 

needing research attention. 


F. SOME ADDITIONAL WORK NEEDED 


Investigation of factors affecting the quality and nutritive value of 
edible meat byproducts —This proposed work is concerned with such 
meat byproducts as brains, cheek and head meat, hearts, kidneys, 
livers, stomachs, tongues, bones, and sausage trimmings on which 
relatively little work has been done. Research should include studies 
designed to determine and evaluate factors in processing, preserving, 
and storing these meat byproducts with a view to maintaining their 
specific nutritive values and widening their use. 


UrinizaTion INVESTIGATIONS ON ANIMAL Fats ANp O1Ls ° 
(BAIC—RRL—4-7—Federal-State—Regular Funds) 
(Cooperation with private organizations) 

A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To find new and extended uses for animal fats and oils by in 
creasing their use in shortening and other edible products; (2) to find 
industrial outlets for inedible « animal fats by chemical modification of 
their component acids to products having increased possibilities for 
industrial utilization and by development of improved surface active 
agents such as detergents from them. Current work is particularly 
concerned with improvement of the physical properties of lard, with 
the preparation of oxygenated chemicals having practical value from 
fats, and with the preparation and evaluation of detergents prepared 
from fats. 


B. CURRENTLY ACTIVE LINE PROJECTS 
Research project RRL-4-(7)-OF -1—Inve stigations on the che macal 
modification of fatty acids of animal fats 


RRL—4+_(7)-—OF-1-1—The oxidation of unsaturated fat acids and 
related substances by air, oxygen, and other oxidizing agents. ‘To 
develop methods of oxidation of unsaturated fat ac ids and related 


_ A commodity project of one of the regional research laboratories administered by thi 
Bureau_of Agricultural and Industrial Chemistry. Under sec. B of this report, current 


active line projects are grouped under their parent research projects, which correspon l 


approximately in scope to the regular work projects of other bureaus of the Departmer 
Likewise, under secs. D and B, research projects are used as the basis for reporting expend 
tures in 1950, and outst anding accomplishments. 
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substances to yield products which will find application as such or 
which will serve as intermediates for the preparation of other useful 
products such as plastics, fibers, protective coatings, rubber-like ma- 
terials, pharmaceuticals, chemotherapeutic agents, perfumes and fla- 
vors, cosmetics, and fine chemicals. 

RRL-4—(7)-OF-1-2—The preparation of derivatives of the un- 
saturated fat acids and related idenianes and the study of the prop- 
erties and reactions of the products. (a) To develop methods of 
preparation of epoxy (a reactive type of oxygen-containing com- 
pound) compounds from unsaturated fat acids and related substances, 
which will be suitable for commercial application. (4) To acquire 
sufficient knowledge of the properties and reactions of the epoxy 
derivatives of the unsaturated fat acids and related substances to make 
possible their use as intermediates for the production of compounds 
of industrial value. 

RRL—4—(7)-OF-1-38—Development of methods of purification of 
the component acids of animal fats and their derivatives for use as 
intermediates in chemical modification. The development of com- 
mercially applicable methods for the production, from inexpensive 
and readily available raw materials, of unsaturated fat acids and re- 
lated substances of a sufficiently high degree of purity to make them 
suitable for use as intermediates for chemical modification. 

RRL-4-(7)-OF-1-5—Preparation of polymerizable derivatives of 
the saturated and monoethenoic (one double bond per molecule, as in 
oleic) acids of animal fats and study of their reactions and properties. 
To pre P: are polymerizable derivatives of otherwise essentially unpoly- 
merizable fatty acids, to study the polymers of such substances both 


when polymerized alone and when copolymerized with other important 
monomers. 


Research project RRL-4—(7)-OF-2 — [J tilization of animal fats for 
production of improved detergents and other surface active agents 

RRL-4—(7)-OF-2-2—Preparation of organic chemicals, particu- 
larly surface active substances, from animal fats and oils for use as 
chemical additives to lubricating oils or other petroleum products. 
To synthesize compounds from animal fats and oils havi ing value for 
use as additives in petroleum products such as lubricating oils, and to 
evaluate or aid in the evaluation of such compounds. 

RRL-4—(7)-OF-2-3—Preparation, properties, and use of water- 
soluble surface active agents from animal fats and oils or substances 
derived therefrom. To prepare and evaluate surface active agents 
from the animal fats and oils and their derivatives, not only for 
wetting and detergent purposes, but also for various specialized 
industrial purposes. 


Research project RRL-4- (7)-OF -3—Investigations on the funda- 
mental ¢ chemistry of animal fats and oils and the technology of 
their production, processing, preservation, and use 

RRL-4—(7)-OF-3-1—The prevention or delaying of development 
of rancidity in animal fats and oils by addition of stabilizers. To 
obtain, by synthesis or selection, chemical compounds, which when 


added to refined animal fats and oils, will prevent or delay their 
deterioration without impairing their edibility. 
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RRL-4-(7)-OF-3-2—The processing of animal fats and oils in 
relation to the c roi al and physical properties of the products. (a) 
To determine the effect of various processes such as refining, decolori- 
zation, partial hydrogenation, and deodorization, upon the stability 
and chemical and phy: sical properties of animal fats. (6) To deter 
mine the processes and conditions for processing animal fats into lard 
or shortening of satisfactory composition, stability, flavor, odor, color, 
plastic range, texture, and consistency. 

RRL-4-(7)-OF-3-3—The relation between glyceride composition 
and structure of animal fats and oils and their phy sical and chemical 
properties. To produce animal fat compositions of improved physica! 
and chemical properties by fractionation or by alteration in glycerice 
composition and structure. 

Research project RRL-4-(7)-E-1—Chemical engineering studies o 
the utilization of animal fats and oils 

RRL—4—(7)—E-1-3 (revised)—Miscellaneous chemical engineering 
studies. The development of new and extended uses for animal fats 
and oils through advisory chemical engineering service, through th: 
preparation of preliminary cost estimates on processes still in the 
laboratory stage and through assistance in problems entailing engi- 
neering design; also to review specifications for equipment and t 

nder ow ine services such as the preparat ion of charts and drawing: 

R RL—4—(7)-E-1-17—Chemical engineering studies on the pre pi 
ration of highly purified oleic acid. Chemic al engineering studies 0 

the preparation of highly purified oleic acid, having the object of pro- 

ducing on a pilot-plant scale a sufficient quantity “of highly purified 

oleic acid for commercial evaluation and of determining the technical 

and economic feasibility of producing it by the process ‘worked out 01 

a laboratory scale. 

Research project RRL-4-(7)-A-1—Analytical chemical investi 
tions 

RRL—4-(7)—A-1-1—Research analysis investigations. To pei 
form routine and specialized chemical analyses on animal fats and oils 
and their derivatives, and to develop new and improved methods of 
analysis when required. 

Research om ct RRL-4—(7)—A-2—Physical chemical investigation: 

RRL-4+—(7)-A-2-1—Miscellaneous physical chemical investiga- 
tions. To nite specialized methods of physical chemistry to the 
chemical and technological problems arising in the development of 
new and extended uses for animal fats and oils. 


Research i ct RRL-4-(7)-A-3—Physical investigations 
RRL-—(7)-A-3-1—Miscellaneous physical investigations. 1 
apply speci: alize d methods of physics, and the services of physicist: 
to the chemical and technological problems arising in the development 
of new and extended uses for animal fats and oils. 
RRL-4-(7)-A-3-2—Special optical methods of analysis for the 
various fatty acids in animal fats and oils. To develop new and im 
proved spectroscopic methods of analysis for determining the amounts 
and types of fatty acid components in animal fats and their deriva 


tives, so that detailed information on the composition and structure of 
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these materials will be available for work in progress on the develop- 
ment of new and extended uses for animal fats. 

RRL-4+-(7)—A-3-5—Evaluation of physical properties and poten- 
tial uses of polymers and other compounds derived from fats and oils. 
To assist in the development of new and improved plastics, synthetic 
rubbers, coatings, plasticizers, and adhesives using animal fats and oils 
as starting materials. 
Research project RRL-4-(7)-OD-1—Development studies on the 

utilization of animal fats and oils 

RRL-4—(7)-OD-1-1—T echnical development surveys relating to 
the industrial utilization of animal fats and oils. To aid in the 
development of new and extended uses of animal fats and oils, through 
technical surveys and other factors, which may determine the feasi- 
bility of commercial exploitation. 















C. HISTORY AND EVOLUTION OF THIS WORK 






(a) Edible animal fats—Following World War I, export trade in 
lard decreased steadily except for a brief period during World War 
II. At the same time the introduction of improved and completely 
bland hydrogenated vegetable oil shortenings on the domestic market 
has resulted in decreased acceptability of lard to the American house- 
wife. 

Owing to their status as byproducts of the meat-packing industry, 
control of production of the edible animal fats would be extremely 
difficult. The effort to make a bland acceptable shortening from lard 
has been confronted with many problems, the most important of which 
probably has been that of finding a suitable stabilizer which could be 
added to it to delay the onset of rancidity. Such a stabilizer must be 
edible and cheap and must make possible the storage of lard at room 
temperature. Moreover, it should contribute to the stability of bakery 
products in which the shortening is to be used. 

Although further research may result in discovery of better stabil- 
izers, several acceptable ones are now known. The availability of 
these stabilizers makes it feasible to consider other possible improve- 
ments in the edible animal fats such as improved blandness in odor 
and flavor, incorporation of suitable emulsifiers for use in cake baking, 
improvement in plasticity and improvement in color and appearance. 

(6) Inedible animal fats—Inedible animals fats have been the 
principal source of soaps and over 80 percent of these important com- 
modities have been used in soap manufacture. Certain industrial uses 
have been developed for fatty acids from the fats, but until quite 
recently the fatty acids produced by this industry were such complex 
mixtures that their use was greatly limited, particularly for use as 
chemical intermediates. : 

The recent large-scale marketing of synthetic detergents derived 
from petroleum and other nondomestie fat sources has serious impli- 
cations for the whole rendering industry. This problem is being 
attacked as vigorously as possible in two ways: (1) An attempt is 
being made to develop new and large-scale chemical uses for fats and 
their derivatives, and (2) to develop synthetic detergents based on 
domestic inedible animal fats. 
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D, FUNDS—< TAL EXPENDITURES 


Annual expenditures have gradually increased from § $91,323 in 1941 
to $272,370 in 1949. The expenditure i in 1950 was $: 251,000 which was 
apportioned manennis the various research projects as follows: OF-1}, 
$46,600; OF-2 31, 100; OF-8, $81,000; A—1, $11,900; A-2, $2,500; 
A-3, $31,100; o1. $41,400; OD-1, $5,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Re S€é arch proj ct RRL —4- ( 7)-OF-1 

Improved oleic acid —An improved technical grade of oleic acid is 
being made commercially as a result of this research. Although only 
one company is producing this material as yet, several more are plan- 
ning its production. Despite the fact that commercial production has 
been under way only slightly over a year, it is already being marketed 
at a rate of millions of pounds per year. Assuming that 1,000,000 
pounds per year is going into new uses, the ine reased return to agri 
culture at 10 cents per pound is already at a rate of $100,000 per year. 

Ascor byl palmitate and related compounds.—A process for the 
manufacture of ascorby! palmitate (a fat-soluble form of vitamin C) 
was discovered and patented. Because of its unique combination of 
emulsifying, antiscorbutic and antioxidant (stabilizing) properties, 
this compound has been investigated by a large number of concerns for 
use in medical and food products. A number of concerns have been 
licensed to manufacture and use this compound and at least one manu- 
facturer is now producing it on a commercial scale. 

Useful chemicals from ‘fats.—T wo closely related methods have been 
discovered for converting oleie acid, one of the pr incipal constituents 
of animal fats, into chemical derivatives which promise to be useful 
in industry. By one patented method, oleic acid, or a similar com- 
pound, can be converted into its epoxy (cyclic ether) derivative which 
is especially reactive and enables the fat derivative to be used in the 
preparation of polymers and lubricant additives, or for modification of 
other compounds. The other patented method converts oleic acid 
into dihydroxystearic acid which can be used as an intermediate in the 
preparation of lubricants, plasticizers (softeners), and high-melting 
synthetic waxes. A number of private groups are actively investiga- 
ting these processes. 

Polymerizable esters from fats——The vinyl, chloroallyl, and other 
similar unsaturated alcohol esters of various fatty acids have been 
prepared and their copolymerization (reaction to form plastic bases) 
with commercially important monomers of the vinyl type has been 
studied. Copolymers in which the fatty compound acts as a plasti- 

cizer (softener) and at the same time is an integral part of the polymer 
sails ule have been prepared. This promises to virtually iointe 
the troubles in commercial plastic articles which are due to exudation, 
evaporation, and loss of the plasticizers. Patent applications <e- 
scribing these discoveries have been filed and one large company has 
alre ady taken steps to procure licenses under these applications. 


R. search project RRLI-4-( / 7)—-OF-2 
Emulsifiers for use in the manufacture of synthetic rubber.—In 
creased production of better quality synthetic rubber was made pos 
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sible by research done under this project. The work was done in co- 
operation with the Rubber Reserve Company (the Federal agency 
responsible for rubber production) and private and State organiza- 
tions. The scientific accomplishments of this research were: (1) 
Proof that linoleic and linolenic acids in soaps used as emulsifiers in 
synthetic-rubber manufacture were a cause of irregularities in rubber 
formation, and (2) demonstration that hydrogenation of the fats used 
in the soaps prevents the retarding action in rubber formation. The 
practical value of this research has been estimated at approximately 
$10,000,000 a year, based on increased production of synthetic rubber; 
also a return to agriculture of $3,400,000 a year through retention of 
this market for inedible animal fats. This development has been 
described more fully in Research Achievement Sheet 81 (C). 
Research project RRI-4—(7)-OF-3 

Improvement in home-rendered lard for use by farmers.—A simple, 
inexpensive, and effective method for improving the keeping onal 
of home-rendered lard has been developed. This method has been de- 
scribed in Bureau publication AIC—157, thousands of copies of which 
were distributed through the information service of the Department 
and by the Bureau in response to direct requests from prospective 
users. The keeping time of home-rendered lard is more than doubled 
by the simple admixture of 3 pounds of melted vegetable shortening 
to 50 pounds of freshly rendered melted lard. The increased keeping 
quality is due to the abundance of natural antioxidants (stabilizers) 
in the vegetable shortening added. In view of the magnitude of the 
home rendering industry the value of this accomplishment is substan- 
tial. For example, if only 5 percent of the farmers use the process, 
thereby preventing spoilage of 10 percent of their lard worth 15 cents 
per pound, the annual saving to farmers amounts to $375,000 per 
year. 

Improved stabilizers for fats—The gallates (esters of gallic acid) 
of short chain alcohols, such as ethyl gallate, are components of a 
number of antioxidant mixtures for use in stabilizing lard. These 
products have rather poor fat solubility which causes variability in 
results. A process has been developed for preparing gallates of the 
long chain alcohols, such as lauryl gallate. This compound is non- 
toxic in amounts much greater than are likely to be used but it is too 
early to estimate the value of this process. Information has been ob- 
tained that the work on stabilizers has resulted in retaining a market 
for three to four hundred thousand pounds per year of one fat deriva- 
tive. This would represent $35,000 per year at 10 cents per pound, 
which may be considered to be the estimated minimal return from this 
research. 

Isolation of very pure acids to serve as standards for analytical 
methods.—Methods of analysis for linoleic, linolenic, and arachidonic 
acids, all constituents of the animal fats, have for years been based on 
results obtained by use of acids made by debromination, now known to 
give impure acids. Spectroscopically pure acids have been isolated 
by chromatographic methods involving their selective absorption on 
silica gel, from which the pure compound is then removed. This fun- 
damental research is already resulting in revisions and improvements 
in existing methods of analysis. The chief value of this work lies in 
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the fact that research everywhere on utilization of fats is stimulated 
and made easier. 
Research proje ct RRL-4-(7)-E-1 

Improved oleic acid was prepared in sufficient quantity on a pilot 
plant scale to permit distribution of the material to dozens of indus- 
trial concerns for evaluation in their products and processes. This 
improved oleic acid development is described more fully under RRL- 
i_(7)—-OF-1 above. 


Research project RRL-j-—(7 ‘\-A- 1 


Analytical service and research.—The accomplishments under this 
project were of a service and research nature and served to facilitate 
and expedite the work in progress on all oil and fat projects. Thou- 
sands of analyses were made of crude and refined fats and oils and 
their derived products for purposes of identification and testing of 
purity and stability. For some of these the development of new and 
improved methods were required. Examples are: (1) the develop- 
ment of microchemical methods for elemental and group analyses 
(carbon, hydrogen, etc.) which have now been adopted by the Associa- 
tion of Official Agricultural Chemists; (2) dev elopment of a hydro- 
genation method for determining unsaturation (degree of reactivity) 
of fats; and (3) a method for determining nickel and other trace 
metals in soaps. 

Use of soaps contaminated by nickel shown to adversely affect rubb 
formation in the manufacture of synthetic rubber.—In a study carried 
out in cooperation with the Office of Rubber Reserve, a number of 
tallow soaps, representing both good and poor behavior when used as 
emulsifiers in the manufacture of GR-S synthetic rubber, were exam- 
ined. These soaps met all the established specifications for this use, 
but there was evidence that with some of them rubber formation was 
retarded. The soaps were analyzed for nickel, copper, and iron. Wide 
variations in metal contamination were found. A statistical study of 
these analyses together with the polymerization (rubber formation 
data supplied, revealed that deficient rubber formation was correlated 
with high metal contamination. After these results were announced 
before the American Oil Chemists’ Society, the soap companies took 
steps in the processing of fats for making the soaps which would 
more effectively remove metal contamination. This accomplishment 
is assisting in retention of an important outlet for tallow soaps (up to 
100,000,000 pounds per year) in the face of increased competition from 
nonfat emulsifiers. (See research project RRL—4—(7)-OF-2 for a 
prior accomplishment in this field.) 


Research project RRL- 4-7 )-A-2 


Physical chemical service and research.—Up to the present activities 
on this project have been concentrated on milk proteins, white pota- 
toes, apples and other fruits, and hides and skins, rather than on ani- 
mal fats and oils. Outstanding accomplishments are presented under 
similar research projects in the reports for RRL—4—(3)—A-2 (ch. 15), 
RRL-4-(6)-A-2 (ch. 2), RRL-4—(8)-A-2 (ch. 15), and RRL-4-(‘)) 
A-2 (ch. 1). 


Research project RRL-4-(7 )-A-3 
Physical service and research—The accomplishments under this 
project were of a research and service nature dealing with the develop- 
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ment of specialized physical methods and their application to work in 
progress under other projects. Examples of these contributions are: 
(1) Basic studies of the chemical structure of purified fatty acid com- 
pounds by X-ray diffraction techniques; (2) basic studies on oxidation 
of fatty acid compounds by spectroscopic techniques; (3) assisting in 
the evaluation of soaps and other detergents made from fats; and (4) 
evaluation of the properties of polymers made by combining fats w ‘th 
other materials to form products showing promise as adhesives, syn- 
thetic rubbers, plastics, and coatings (see research project RRL—-4— 
(7)-OF-1 above). Work under this project has been of a fundamental 
character which has contributed materially to the solution of problems 
encountered in research on utilization of animal fats. 

Physical method of analysis for fats —A rapid precise method for 
analyzing fats has been developed. This method is known as the spec- 
trophotometric method of analysis because it makes use of the spectro- 
photometer for measuring the absorption of ultraviolet light by the 
sample to be analyzed. The method has been adopted by nearly all of 
the important processors of fats and oils, as well as by all important 
research groups working with fats and oils. 

It is under consideration by the American Oil Chemists’ Society for 
use in trading in fats and oils. ‘The method not only gives results of 
considerably greater precision and sensitivity than were obtainable by 
chemical methods previously used, but does so in less time and hence 
at less cost. The indirect effect of this method, which makes better 

products possible, far outweighs in value the direct savings due to 
savings in time of chemists and analysts. Neverthe less it is estimated 
that these latter savings alone may easily amount to $50,000 per year. 


This development contributed materially to the accomplishment listed 
above under research project RRL—-4—(7)-OF-2 “Emulsifiers for use 
inthe manufacture of synthetic rubber.” 


Re Sé arch project RR L-4-(7 }OD-1 

A market survey was made by personal contact with trade associa- 
tions, publishers, Government agencies and representatives, and poten- 
tial producers and consumers to determine the possible extent of the 
market, the probable uses and the premium that could be expected for 
the highly refined oleic acid in comparison with distilled red oil (the 
closest commercial product). The survey indicated the quantities that 
could be used annually for 36 different applications. These totaled 
$5,000,000 pounds. A premium price of 1 to 2 cents per pound was 

indicated. These findings subsequently were confirmed commercially 
as reported under research project RRL—4—(7)—OF-1, above. 


F. SOME ADDITIONAL WORK NEEDED 


Study of reaction conditions giving high yields of acidic cleavage 
products.—Cleavage products, such as pelargonic and azelaic acids ob- 
tained by breaking down fatty acids under oxidizing conditions, prom- 
ise to be very important in the preparation of plastics, synthetic lubri- 
cants, and plasticizers, and as organic chemical inte rmediates. The 
development of simple reaction condition giving high yields of these 
products is one of the most important problems in the field of fat 
chemistry. 

Preparation and reactions of pure fatty peroxides.—Peroxides are 
possibly the most important intermediates in the autoxidation of fatty 
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materials, and they may be the precursors of many of the products of 
oxidation. A study of the properties and reactions of pure fatty 
peroxides may increase our knowledge of the mechanisms of oxidation 
and thus permit control of the oxidation necessary to produce indus- 
trially useful products. 

Ovyge n absorption studies of intermediate products of oxidation. 
No data are available in the literature on the absorption of oxygen by 
the intermediate products of oxidation. In order to select the best 
starting materials for the production of industrially useful chemicals 
by air or oxygen oxidation, the absorption of oxygen by the various 
types of compounds present as intermediates in autoxidation systems 
— be determined. 

Copolymerization (plastic formation) of long-chain vinyl esters 
with commercial monomers.—A systematic study of the copolymeriza 
tion of vinyl esters of long-chain fatty acids with commercial mono 
mers, such as vinyl acetate, vinyl chloride, and vinylidene chloride, 
should be made. The incor poration of the long fatty chain into the 
molecule should permanently improve the water resistance and flow 
properties, and increase flexibility, especially at low temperatures, of 
the resulting copolymers. 

Development and evaluation of detergents based on domestic fats 
and otils—The normal expansion in the use of domestic fats for the 
production of soap is being retarded by the competition. particularly 
in hard water areas, of synthetic detergents derived from nonfat raw 
materials or from fats of foreign origin. While it is known that 
effective detergents can be made from domestic inedible animal fats, 
economical processes for so doing are not available. This problem 
can be solved only by further extensive research on detergents derived 
from domestic fats and on the processes for their production. The de 
velopment of such an outlet seems essential to the health of the render 
ing industry. 

Continuation of research on the processing of animal fats and oils 
in relation to the chemical and physical properties of the products 
There is need for an investigation of a fundamental character to de 
termine the effect of various conditions of hydrogenation of animal 
fats or blends of animal and vegetable fats on the chemical and 
physic al properties of the products. This investigation should pro- 
vide useful information concerning the mechanism of selective hy- 
drogen: ation, the formation and identity of the products formed, and 
lead to the development of optimum conditions for producing superior 
shortenings. 

Development and evaluation of an animal fat-vegetable oil sel: 
tively hydrogenated shortening.—The average annual production for 
the past 8 years of lard, the principal edible animal fat, is about 2.5 
billion pounds. This is about equal to the combined annual produc 
tion of the two principal vegetable oils, cottonseed and soybean oils, 
for the same period. The consumption of lard has been maintained 
only by drastic reduction in price compared to the price of vegetable 
shorte nings. It would greatly benefit our national economy and par 
ticularly the farming population if these two main sources of edible 
fats and oils were utilized on a nearly equal price basis. They are 
equal nutritionally, yet vegetable shortenings are much more stable 
than lard because they contain an abundance of natural antioxidants. 
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It has been shown, however, that excellent shortenings of high sta- 
bility can be produced by appropriate blends of anim: al fats and vege- 
table oils. Still greater improvement in product should be expected 
by selective hydrogenation of these blends and by deodorization. A 
program of research is needed to determine the optimum conditions 
for making this type of blended shortening and to evaluate the prod- 
ucts for home use as well as in commercial bakeries and in commer- 
cially prepared ready-mixed products for home baking. 

NV itroge n-containing derivatives—The addition of nitrogen-con- 
taining groups to fatty acids or related substances increases the 
variety of chemical reactions by which use can be made of the virtues 
of the long, fatty molecule. Further investigations should be made 
of the preparation from animal fats of such nitrogen-containing in- 
termediates suitable for the fabrication of new types of polymers, 
quaternary ammonium compounds of value as bactericides or fungi- 
cides and detergents. 


UrinizaTion INVESTIGATIONS ON TANNING Marertacs. Hipes. Skins. 
AND LEATHER * 


(BAIC—RRL-—-4-9—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This country does not produce enough hides and skins to meet its 
demands for leather. There is a rapidly diminishing supply of tan- 
ning materials that may soon reach the critical stage ‘and, in times of 
emergency, there is a critical shortage of leather. The work is, there- 
fore, devoted to methods for conserving these materials and of using 
them most effectively. In more detail current work is devoted to: 

Developing better methods for curing and preserving hides and 
skins; (2) studying the various factors that may affect hide quality; 
(3) locating new plant sources of tannin; (4) assessing the value for 
tanning purposes of various sawmill, lumbering, or other wastes: (5) 
developing suitable tannin-bearing plants as ¢ cultivated crops for pro- 
duction of tannin; (6) developing new or improved methods of tan- 
ning and treatments for leather to increase its serviceability, and 
studying and recommending methods for obtaining maximum service- 
ability from leather. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Re Né arch proje ct RRL- ,—( 9 ) —~H-—1—h ide 8 and skins in ve stigations 


RRL—-(9)-H-1-1—Curing, storing, and handling hides and skins. 
To reduce spoilage or loss of hides and skins through development 
of better methods of handling, curing, and storing. 

RRL—4—(9)-H-1-2— Influence of animal life factors upon the prop- 
erties and value of hides and skins. To determine the influence of 
ditferent life factors such as breed, sex, age, feed, or disease on thie 


*A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department 
Likewise, under secs. D and E, research projects are used as the basis for reportiiy: 
expenditures in 1950, and outstanding accomplishments. 
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properties of hides and skins and of leather made from them in orde: 
to discover how the leather value might be enhanced. 

RRL (9)-H-1-8—Chemical and physical properties of collagen 
To determine the chemical composition of collagen (the fibrous pro 
tein of leather) and its physical structure by light and electron micro; 
copy; to study the reaction of collagen with tannins to obtain bas 
data on the tanning process and on the properties of leather. 

RRL (9)—H-1-4—Leather value of fur skins. To determine 
whether surplus or low-quality fur skins may economically be used as 
leather. At present there is little demand for furs with long hair, 
such as those made from raccoon skins. 

Research project RRL-4-(9) —H-2—Tanning materials and tanni 


pr ocesses in t alaganene 


RRL—4—(9)—-H-2-38—Dev elopment of sumac as a source of tannin. 
To study, in cooperation with BPISAE, methods of cultivating, har 
vesting, and drying sumac, and the effects of environment and harvest- 
ing procedures on quality in order to recommend methods of handling 
sumac that will give increased production of a high- quality product. 

RRL—4—(9)-H-2-4—Comparative tanning properties of different 
sumacs. To determine the relative values of dwarf, Rhus copallina; 
white, 2. glabra; staghorn, 2. typhina; and imported Sicilian, 2. 
coriaria; sumaes for tanning skins. 

RRL—4-(9)-H-2-5—Development of scrub oak bark as a source of 
tannin. To secure information on the handling of scrub oak: to 
produce tanning extracts of commercial quality from the bark; and 
to determine the sult ability of these extracts for tanning. 

RRL-+4-(9)-H-2-7—New and potential tanning materials. To 
discover possible new sources of tannin by examining new plants and 
waste or unused materials; to evaluate and develop tannin-bearing 
plants suitable for farm crops in order to replenish our constant]) 
diminishing domestic tannin supplies. 

RRL—- (9)-H-2-s—Improved extraction procedures for tanning 
materials, To develop improved methods for preparation of raw 
tanning materials for leaching or extraction of tannin, and to devis 
new or more efficient extraction procedures and thereby shorten leac! 
ing time and increase leaching efficiency. 

Research Project RRL-4-(9)—H-3—Leather investigations 

RRL-4—(9)-H-3-1—Methods of analysis and testing of leather and 
related products. ‘To develop and improve methods for analyzing 
and testing and to establish specifications for leather and related 
as 

RRL--(9)-H-3-2—Mold resistant leathers. To develop method: 
for re ick leather resistant to the growth of molds and mildews b) 
incorporation of suitable fungicides, and to deve slop satisfactory meth 
ods for determining the effectiveness of fungicides and treatments fo 
“a leather mold resistant. 

RRL—— (9)-H-3-3—Causes and prevention of leather deterior 
tion. To deterwiias the causes of deterioration of leather; to devi-e 
means for preventing this deterioration and for increasing the servi 
ability of leather either by new types of tannages or by treatments fo: 
the leather. 
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Research project RRL-4-(9)-E-1—Chemical engineering studies on 
the utilization of tanning materials, hides, skins, and leather 


RRL—4-(9)-—E-1-3 (revised )—Miscellaneous chemical engineering 
services. To aid in the development of new and extended uses for tan- 
ning materials, hides, skins, and leather by means of advisory chemical 
engineering service through the preparation of preliminary cost esti- 
mates on processes still in ‘the laboratory stage and through assistance 
in problems entailing engineering design; also to review specifications 
for equipment and to render routine services such as the preparation 
of charts and drawings. 

RRL-4-(9)—E-1-8 (revised)—Chemical engineering investigations 
on the utilization of domestic tanning materials. To conduct pilot 
plant-scale studies to obtain chemical engineering data on the utiliza- 
tion of domestic tanning materials (other than can: ugre). For ex 
ample, to determine the best method of drying, comminuting, segregat- 
ing, and extracting vegetable materials such as sumac for the prepara- 
tion of tanning extracts. 


Research project RRL-4—(9)—A-1—A nalytical chemical investigations 
RRL-4-(9)-A-1-1——Research analysis investigations.—To perform 
routine and specialized chemical analyses on tanning materials, hides, 
skins, and leather, and to develop new and improved methods of an- 
alysis when required, 
Re N¢ arch proj ct ae Ae oe 2—Physical che mical Inve stigations 
RRL-4-(9)—A-2-1—Miscellaneous physical chemical investiga- 
tions. To apply specialized methods of physical chemistry to the 
chemistry and technological problems arising in investigations on tan- 
ning materials, hides, skins, and leather. 


Re Sé arch proj ct RRL _}- (9)-A-3—Physical investigations 
RRL-4—(9)—-A-3-1—Miscellaneous physical investigations. To ap- 
ply specialized methods of physics, and the service of physicists, to 


the chemical and technological problems arising in investigations on 
tanning materials, hides, skins, and leather. 


Research project RRL \ (9) OD-1—T¢ velopment studies on the 
utilization of tanning materials, hides, skins, and leather 

RRL--(9)-OD-1-1—Technical development surveys relating to 
the industrial utilization of tanning materials, hides, skins, and 
leather. To aid in the development of new and extended uses of tan- 
hing materials, hides, skins, and leather through technical surveys of 
raw materials, their location, accessibility, cost, and other factors 
which may determine the feasibility of commercial exploitation. 





















C. HISTORY AND EVOLUTION OF THIS WORK 





As early as about 1862 short reports on the tannin content and 
tanning value of certain plants may be found in the annual reports of 
the Commissioner of Agriculture. Formal recognition of the work on 
tannin and leather was not made, however, until a with the estab- 
lishment of the Dendro-Chemical Laboratory and in 1904 with the 
establishment of the Leather and Paper Laboratory in thie Bureau of 
Chemistry. The early emphasis on a search for new sources of tannin 
from plants or wastes has continued to the present because of the 
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steadily diminishing domestic supply of tannin in relation to domestic 
leather demands. Considerable attention has also been given to the 
requirements for and possibility of development of cultivated tannin- 
bearing crops. The work on hides and skins was and still is primarily 
one of conservation; that is, investigations for the development 
of improved methods of flaying, curing, and handling skins. The 
work on leather has been concerned with the causes and prevention 
of deterioration and methods for increasing serviceability of leathers, 
early work being chiefly on sole leather with later work on bookbind- 
ing and upholstery types of leather and present work on alum retan- 
nage for development of improved insole leathers. In furthering the 
above-mentioned objectives, much work was done on methods of 
analysis and testing, mold prevention treatments, methods to prevent 
deterioration from atmospheric sulfur dioxide, and on specifications 
for durable leather. 


D. FUNDS—-ANNUAL EXPENDITURES 


Early work on tanning materials was only a minor item and prob- 
ably no accounting of funds for this work was ever made. From 
1904 to 1929 (25 years) an estimated total of $190,000 was allotted 
for hides, tanning materials, and leather work. This is an approxi- 
mate annual average of $1,200 for hides and skins, $2,000 for tanning 
materials, and $4,400 for leather work. For about 5 years (1928-33) 
field work on conservation of hides and skins by improved take-off 
and cure was carried on among small packers and country butchers 
at an average annual cost of approximately $11,300. Between 1930 
and 1940 there was an average annual expenditure of about $12,000 
for hides, $14,200 for tanning materials, and $9,000 for leather work. 
From 1941 to 1949 annual expenditures under the tanning materials, 
hides, skins, and leather utilization project ranged from $34,300 in 
1941 to $84,700 in 1949, averaging Toon $67,400. The expenditure 
in 1950 was $86,000. This was distributed among the various researcli 
projects as follows: H-1, $24,200; H-2, $22,900; H-3, $36,100; A-2, 
$2,800. No expenditures were made in A-1, A-3, E-1, and OD-1 
in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Re S¢ arch proj ct RRL-j-(9) mS a 

Iinprovement in country hides.—Regular visitation of country) 
butchers and small packers in certain areas and instruction in proper 
methods of skinning, salting, and caring for hides and skins resulted 
in considerable improvement in quality during the time this work was 
being done. The actual value of this work in dollars and cents, of 
course, could not be determined. 

Alaska fur seal skin improvement.—At one time Alaska seal skins 
arrived at the market in the States in poor condition. They were not 
well cured principally because large amounts of fat were left on the 
skins and salt was not able to penetrate and cure the skin properly. 
This condition was corrected when better handling and curing meth 
ods were recommended and adopted. 

Grease stains on leather.—Grease stains on sole leather that reduced 
its commercial value were found to be the result of deposition of fat 





hi 
Ww 
Ol 
fe 
m 
sle 
nh 
in 
to 
re 


sel 
eff 
So 
ter 
dit 
du 
ser 
ma 
/ 
wit 
tha 
use 
haz 
/ 
to b 
ring 
L 
pick 
shi 
deve 
stud 
sO le 
LTO\ 
vent 
pick 


FE 


j seve) 


of a 
fed 
gain 
but ‘ 


> aanim 


objec 


nt 
he 
on. 
ie 
d- 
ie 
he 
of 
ant 
Ms 


‘ob- 
ron 
tted 
OX1- 
ng 
33) ) 
o- off 
hers 
1930 
OOO 
ork. 
rials, 
0 in 
iture 
march 
A-2, 
yD-1 


untry 
yroper 
sulted 
‘k was 
its, of 


skins 
pre not 
m the 
ppe rly. 
met h 


duced 
of fat 


LIVESTOCK 185 


in the skin of the living animal, probably as a result of rich feed. 
Tanners previously had thought that the stains were caused by 
improper handling or curing. 

Bens time storage of skins.—A practic: al test demonstrated that 
skins can be stored in refrigerated rooms for at least 5 years without 
decreasing their leather-making quality. Such long storage of surplus 
hides may y be important at times, as during the drought of the thirties, 
when slaughter of cattle was abnormally great. 

“Reddening” damage to hides.—A certain type of damage on salted 
hides known as reddening and the corresponding salt stains on leather 
were found to be e aused by bacteria that grow in strong salt solutions 
or on solid salt. Suc ‘h organisms have been isolated from many dif- 
ferent varieties of salt. An extensive study of these bacteria was 
made because they are unique in several respects. They grow very 
slowly as compared with most kinds of bacteria and 30 days or more 
may be required for noticeable growth to start. They grow better 

in very strong brines or on solid salt, so that, under some conditions, 
too much curing salt may be harmful. This type of damage can be 
reduced or eliminated by the use of clean, mined salt. 

Preservation of hides under unfavorable conditions.—Salt will pre- 
serve hides for a long time at low temperatures, but is not completely 
effective at high, summer temperatures for extended time periods. 
Sodium fluosilicate (silicofluoride) has been found to prevent bac- 
terial damage to hides when they are stored under unfavorable con- 
ditions. Some tanners use this chemical on hides that are to be stored 
during hot weather. Many other chemicals have been tested for pre- 
servative action when used with salt for curing hides. Some of these 
may prove useful in the future. 

Florine content of gelatin.—Gelatin made from calfskins preserved 
with salt and sodium fluosilicate was found to contain no more fluorine 
than skins salted with pure salt, if the skins are well washed before 
use for this purpose. rhe use of fluosilicate, therefore, is not a health 
hazard. 

Parasitic damage to hides.—Four types of skin defects were found 
to be the result of infections of the living animal with follicular mange, 
ringworm, nematodes, and nonparasitic eczema. 

Damage of pickled sheepskins —A discoloration and damage of 
pickled sheepskins (skins preserved with acid and salt) that had been 
shipped in wooden casks was found to be caused by molds. Mold 
developed where the skins were in contact with the cask. Laboratory 
studies showed that the cask wood absorbed acid from the skin and 
so lowered the acid concentration in the skin enough to permit mold 
growth. The studies indicate that this type of damage can be pre- 
vented either by using a stronger pickle or by soaking the casks in 
pickle solution before use. 

Effect of undernourishment on skin.—Skins were examined from 
several pairs of twin lambs, one twin of each pair having been fed all 
of an adequate diet that it would consume, while the other twin was 
fed just enough of the same diet to maintain body weight without 
gain. The skins of the underfed lambs were quite small and thin, 
but otherwise made good leather, showing that the skins of starved 


nimals will make satisf: actory leather provided their size is not 


objectionable. 
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Studies on hide structure.—By using the electron microscope info: 
mation of both fundamental and practical value has been obtained 
on the ultimate structure of skin and leather. 

Conservation of hides and skins.—Educational work on conserva 
tion has been conducted by means of personal contacts and publica- 
tions. Directions for proper skinning and salting, intended for smal] 
butchers and farmer butchers, have been distributed and the impor- 
tance of conservation has been emphasized. 

Research project RRL-4-(9)-H-2 

Tannin from scrub oak.—The supply and tannin content of serub 
oak barks, especially in Florida, have been studied in c uke 4 ation wit! 
the Engineering and Industrial Experiment Station of the U niversity 
of Florida. The tannin content, quality of bark, and supplies of bark 
from turkey oak, Quercus laevis, were shown to be suitable for use Ay 
the manufacture of tanning extract. A method for using small in 
ular-shaped trunks and limbs, by chipping them, then separating 
wood and bark, was developed on a pilot scale. The development of 
this unused material would yield an additional supply of tannin and 
thus reduce this country’s dependence upon foreign supplies. 

Western hemlock bark—an unused source of tannin.—A thorough 
survey has supplied data on the amount of bark available, its tannin 
content, and the requirements and costs for collecting bark, erecting 
extract plants, converting bark to tanning extract, and marketing 
the extract. Present lumbe ‘ring practices are based on floating a coi 
siderable proportion of the logs to the mill and working them from a 
millpond. Floating logs in fresh water leaches out about half of the 
tannin and floating in salt water not only leaches out tannin but con 
taminates the bark with salt and renders it unsuitable for use in pre- 
paring tanning extract. Woods-peeled western hemlock bark has bee: 
shown in semicommercial tests to produce a high quality tanning ex 
tract which in turn, has been used alone and in blends with other tan- 
nins in producing excellent sole leather of good wearing qualit y. 
Because of high handling costs, mills are reluctant to modify presi 
logging practices in order to salvage good quality bark. The studi 
indicate that if the available bark were salvaged without being wate 
floated, enough tannin might be recovered annually from western hem 
lock bark to supply nearly one-fourth of this country’s annual ta 

needs for making leather. Such a potential domestic supply of ta 
would be of major importance in meeting our tannin nee ds in the event 
of an emergency which would cut off the supplies of foreign tannins 
upon which we are dependent. 

EK rete 71: 2 SUV" Y of 8 UuUMAC COM pli te (ae \ survey cover ing the east 
ern half of the United States, conducted in cooperation with BPISAE, 
has provided information on the tannin content of wild plants in var- 
ious geographic locations. The effect on tannin content of certain e1 
vironment: i and genetic factors, such as light and shade, height of 
plant, date of collection, species and sex, has been determined. The 
information obtained has indicated locations favorable for obtaining 
planting stock and for growing sumac under cultivation. 

Native sumac abundant.—The survey of wild sumac has shown that 
there is an abundance of unused material; however, hand gatherin 
expensive and machine harvesting of sc attered stands in competiti 
with other vegetation is difficult. The sumac investigations hav 
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shown, however, that, in an emergency, this country’s needs for sumac 
tannin could be supplied from domestic sources. 

Sumac cultivation, harvesting, and drying—The cultivation of 
sumac as an annual crop on poor, erodable land appears promising. 
Methods for propagating, harvesting, drying, and shipping sumac 
have been studied on plots of up to 1 acre in area. Several practical 
methods that might be used on the farm for drying sumac have been 
evaluated. Laboratory studies have also been made of the various 
factors that may affect sumac quality during drying. For example, it 
was found that during slow drying, sugars decomposed and that sumac 
dried slowly made dark, poor-colored leather. Very rapidly dried 
sumac produced leather with the best color. 

Extraction of sumac tannin.—There has been some uncertainty con- 
cerning the optimum temperature for the extraction of sumac tannin. 
Studies conducted indicate that the best quality sumac extract and 
the most efficient extraction of tannin can be obtained by rapid extrac- 
tion at approximately 100°C, 

Domestie sumae equal to imported Sicilian sumac.—Investigations 
of domestic sumacs have demonstrated, in a commercial test involving 
300 dozen sheepskin skivers, that native sumac can be so collected 
and handled as to equal imported Sicilian sumac in quality. By use of 
leather from this test, the factors, such as flexibility and stretch, de- 
sired in leather of this type, have been determined and measured. ‘This 
is another instance in which an undeveloped domestic tannin has been 
shown to be suitable in quality for replacement of an imported tannin. 

Canaigre tannin field studies—Preliminary studies of the roots of 
canaigre, Rumex hymenosepalus, as a possible source of tannin have 
included cooperative work with BPISAE. Canaigre has been prop- 
agated from roots and seed, yielding plot crops in 1 and 2 years, 
respectively. Studies of tannin content of roots from different strains 
showed “red type” roots to be superior; strains high in tannin retained 
their high tannin properties after several years of vetegative propaga 
tion. Changes in the tannin, sugar, and starch contents of roots 
during growth were studied and showed that as regards tannin con- 
tent and root yields, the matured roots should be harvested in July or 
August. 

Extraction of canaigre tannin.—The starch present in canaigre roots 
interfered with the complete extraction of tannin, both for analysis 
and for large-scale tannin extraction. Analytical extraction proce- 
dures were improved to give more accurate and concordant results. 
Preleaching with cold water and the fermentation of extracted liquors 
were studied as possible means of improving the purity of extracts. 
Preliminary small-scale laboratory tests on extracting tannin, making 
tanning extracts, and tanning small pieces of leather gave promising 
results. These preliminary small-se: Ye studies established the promise 
of canaigre as a potential source of tannin, but indicated the necessity 
of expansion to pilot or semi-commercial-scale handling before this 
material could be successfully adopted commercially. (See RM:a 
129, chapter 18, for results of expanded studies.) , 

Small-scale tanning methods.—Small-scale tanning methods suitable 
for farmers or others having only one or two hides have been worked 
out. The demand for these directions has been steady and, at times, 
heavy as, for example, during the depression of the thirties when hides 
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were almost worthless and leather was relatively costly. Many were 
able to make serviceable leather from hides that would otherwise have 
been a loss. 

Ferrochrome for chrome tanning.—Ferrochrome, a cheap source of 
chromium, was shown to be satisfactory for making chrome tanning 
liquors, either the chromium alone or both the chromium and the iron 
being used as the tanning agent. The process is covered by a public 
service patent. During the war considerable interest was shown in 
this process. 

Research project RRL-4-(9)—H-3 

Prevention of sulfur dioxide deterioration of leather—The prin- 
cipal cause of deterioration of leathers with expected long life, such 
as upholstery and bookbinding leathers, has been shown to be at- 
mospheric sulfur dioxide, derived largely from the burning of coal 
or gas. This acid pollution of the atmosphere causes a reddening and 
disintegration known as “red rot.” Bookbinding leather that would 
last for 100 years or more in an acid-free atmosphere may become 
worthless in 8 or 10 years or less if stored in an acid-polluted atmos- 
phere such as a Jocation near a railroad. In studying this nd an 
accelerated test for producing red rot in leather was developed. The 


studies revealed that chrome-tanned leather is more resistant to red 
rot than vegetable-tanned leather and that resistance of the latter 
can be greatly increased by retanning it with chrome or alum. Dress- 
ings (oil or grease, or lacquer types) retard absorption of sulfur 
dioxide and so increase durability of the treated leather. This infor- 
mation has been used by certain tanners and librarians. 

Alum retannage of vegetable-tanned leather—A new application 


of alum tannage has been developed. Applied as a retannage to vege- 
table-tanned leather it imparts a marked resistance to acid deteriora- 
tion, moist heat, and molds. It increases the life of leathers, such as 
bookbinding or upholstery, which are exposed to atmospheric pollu- 
tion. Preliminary tests have indicated that it materially decreases 
the deterioration of insoles, one of the major causes of failure of Army 
shoes. The methods of applying this retannage have been deve ‘loped 
in the laboratory to the point where they can be easily applied in 
commercial tanning, and this has been done. It has also been found 
that this retannage increases the life of belting or hydraulic packing 
leather that is exposed to moist heat 

Mold prevention and increased le ather serviceability —A_fungi- 
cidal treatment was developed for and used by the Ordnance Depart- 
ment of the Army in the tropics to prevent mold growth on leather 
equipment. The treated leather was safe for prolonged intimate con- 
tact with the skin and withstood outdoor exposure in a tropical jun- 
gle for several months. 

Preservative leather dressings —A number of formulas for pre- 
servative, waterproofing, dressing, and finishing preparations for 
leathers of various types have been developed in response to a consid: 
erable public demand for such preparations for rejuvenating leather 
articles. 

Improvement in serviceability of leather—Much attention has been 
given to means for increasing the serviceability and durability of 
leather. For example, service tests and machine tests have shown that 
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the wear resistance of sole leather can be improved by rolling, by oil- 
ing, or by retanning with chromium. 

Leather testing ‘equipment developed.—Machines have been _con- 
structed for measuring the wear resistance of sole leather, the folding 
endurance of thin leathers, the resistance of leather to scuffing, for 
evaluating insole leather, and for measuring the shrinkage tempera- 
ture of leather. 

Research project RRL-4-(9)-E-1 

Pilot-scale extraction of canaigre.—A process was developed for the 
extraction of canaigre tannin. It involved fine grinding of dried 
shredded canaigre roots, leaching by stirring with water in vats, and 
separating the liquor from the solids by screening and rotary pressing. 
A pilot plant was constructed for these investigations. Subsequent 
to the exploratory extraction studies, expande d and more detailed 
work in this field has been reported under RM: a 129, chapter 18. 

For producing tannin from canaigre roots in commercial extract 
plants using leaching vats of conventional size, a process was devel- 
oped and preliminary investigations were made on a small pilot- 
plant scale. The process involves cutting dried canaigre roots into 
uniform pieces and leaching with warm dilute isopropyl alcohol 
cold dilute acetone. The extraction efficiency was 80 percent. Certain 
modifications and additions to commercial plant design would be nec- 
essary to enable operation under the required conditions. 

Research proje ct RRL-4—(9)-—A-1 

Analytical service and research —The accomplishments under this 
project were of a service and research nature which contributed ma- 
terially to work in progress on other projects. Thousands of analy- 
ses were made on leather and tanning materials for various important 
constituents. For some of these the development of new and im- 
proved methods were required. Examples were the determination of 
starch in high tannin materials, and development of a method for 
the determination of mold preventatives incorporated in leather 
goods. This method was included in specifications prepared by the 
Qui urtermaster Corps of the United States Army during the past war. 
Research project RRI-4—(9)-—A-2 

Ph ysic al chemical service and research—The accomplishments un- 
der this project were of a basic research nature dealing with the 
application of specialized physical chemical methods to work in prog- 
ress on other projects. The work has concerned principally the strue- 
ture of the main constituent of hides and skins, the protein collagen. 
Observations with an electron microscope have shown how the col- 
lagen exists in the hide and skin and how it is affected by the many 
operations by which it is converted into leather. The work illustrates 
the type of basic study that is a necessary prelude to important ad- 
vances in applied research. (See research project RRL—4t-(9)—-H-1 
above. ) 


Research project RRL-4—(9)-—A- 

Physical service and research—The accomplishments under this 
project were of a service and research nature concerned with develop- 
ment of specialized ale al methods and their application to work 
in progress under other projects. For example, spectroscopic meth- 
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ods were applied in the precise determination of the important qual- 
ity of the color of sumac tannin extracts and the leathers made by their 
use. This is necessary in evaluating the merits of potentially ‘useful 
domestic tannins in comparison with tannins in established use from 
foreign sources. Another contribution to work under other projects 
was the development and calibration of an instrument for testing 
the scuff resistance of top grain leather. 


Research project RRL-4-(9)-OD-1 


Mangrove leaf residue commercially tested—Industrial develop- 
ment activities have been directed toward the creation of new sources 
of tanning materials. As a result, arrangements have been made to 
have the tannin -containing byproduct residues of a mangrove leaf 
dehydrator evaluated on a commercial scale as a source of tannin by a 
large industrial concern engaged in the extraction of tannin from 
chestnut wood. 


F. SOME ADDITIONAL WORK NEEDED 


An improved method for curing hides and skins is needed so that 
Jess nonleather making material, as water, salt, dirt, is shipped to the 
tanner and the hides are received in better condition. 

Causes for leather deterioration require further study.—A sys- 
tematic study should be conducted on the causes of deterioration of 
leather under unfavorable environments, especially under tropical con- 
ditions. 

A mold preventive treatment for leather needed.—A search should 
be made for an effective treatment that can be applied to leather during 
the tanning or finishing operations that will protect it from mold 
growth throughout its life. A fungicidal treatment that can be safety 
applied by laymen to finished leather articles is also needed. 

Correlation between laboratory and service tests on leather—A 
thorough, practical wear test of alum-retanned insoles is needed. Also 
tests on a laboratory machine should be made on the same leathers 
with the object of developing a rapid test that can be correlated with 
and interpreted in terms of actual wear. Such a test would greatly ac- 
celerate work on improvement of insoles. 

A replacement for chrome-tanned upper leather is needed.—An in- 

vestigation should be made of alum-retanned vegetable leather as a 
replacement for chrome leather for shoe uppers and other lightweight 
leathers. The use of alum retannage might make possible, in time of 
emergency, the replacement of the critical material, chromium, by 
easily available aluminum salts. 

Research needed on new or undeveloped tannin-bearing plants.—To 
aid in meeting this country’s need for added domestic tannins, a sys- 
tematic study should be made of plants, both domestic and imported, to 
discover tannin-bearing plants potentially valuable for domestic culti- 

vation. Examples of such plants are imported or native sumac and 
badan. Plants should be investigated to determine the economic feasi- 
bility of their cultivation as farm crops for tannin and their adapta- 
bility for the commercial production of tanning extracts. 

New tannages needed.—An investigation is needed of tanning pro- 
cedures involving vegetable tanning followed by alum retannage and 
subsequent incorporation of suitable polymerizable resins to yield a 
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product of sole leather type with greatly increased wear resistance, but 
maaneining the desirable qualities of vegetable-tanned sole leather. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
LAIC—RM: a-556, chapter 11, fats and oils. 
BAIC, BPISAE-RM: a-129, chapter 1, Basic properties and functions of tannins 
and development of new tanning materials. 


C. MARKETING 
Marketine Livestock In THE Nortru Centra Reoion 
(BAE—A-2-22—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To study common problems in the field of livestock marketing and 
meat distribution, especially in those fields where research “must 
transcend State boundaries. The current work is particularly con- 
cerned with the feeder-cattle and sheep industries, and is a first step in 
the direction of developing information and methods of analysis to 
improve the efficiency of buying and selling feeder cattle and sheep. 


B. CURRENTLY ACTIVE LINE PROJECT 


A-2-22-2.—Marketing feeder cattle and sheep in the North Central 
region. This study was designed to obtain information on (1) the 
source of the supply and demand for feeder cattle and sheep, (2) the 
methods and practices used in marketing these animals, the chan- 
nels they pass through, and how they are transported, (3) costs of 
buying and selling, and (4) the extent of shipping and other losses 
in handling. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Realizing that many fields of research transcend State ROUEN, 
the North Central Experiment Station directors in 1939 proposed the 
formation of a regional committee to “survey the field of marketing 
livestock and livestock products, prepare plans for the organization 
of any cooperative project deemed likely to lead to results of value, 
and submit any such plans to the administrative adviser for consid- 
eration by the directors.” This regional committee was formed that 
year by the appointment of one research staff member from each of 
the agricultural experiment stations in the North Central States, in- 
cluding Kentucky. The BAE was requested to supply an experienced 
staff man to help organize the projects, assemble the data from the 
cooperating States, analyze it and, in cooperation with the executive 
committee, prepare the reports to be reviewed by the regional com- 

mittee. Studies completed and reports published are: (1) Marketing 
Renta in the Corn Belt region; (2) trucking livestock in the Corn 
Belt region, and (3) price differentials for slaughter hogs. Field 
work on the current project has been completed, and the results are in 
manuscript form for review by the regional committee. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


The annual expenditure of the regular funds by BAE during fiscal] 
1950 was about $8,600. In the performance of its duties on sm 
the current and past projects BAE expenditures are estimated ; 
about $6,000 per year during the period 1940-49. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Many basic data were summarized in the first report.—The Mar- 
keting of Livestock in the Corn Belt Region, Bulletin 365, South Da- 
kota Agricultural Experiment Station. They included the relative 
importance of the various marketing chs annels, the average number of 
animals in each sale, the farmers’ opinions of the markets, the mar- 
keting problems encountered by the farmers and their relative impor- 
tance. Knowledge of these and other basic data studied was neces- 
sary before more detailed marketing studies could be adequately 
planned and carried through. 

Considerable basic transportation information, for use of the Gov- 
ernment in its war emergency agencies, was ¢ ompiled and reported on 
in the wartime study, True king Liv estock in the Corn Belt Region, Bul- 
letin 479, Missouri Agricultural Experiment Station. 

Price differentials, existing between markets and among hogs of 
different weight and grade groups, were studied and reported in Price 
Differentials for Slaughter Hogs, Bulletin P 93, Iowa Agricultural 
Experiment Station. These historic relationships and differentials 
assist the farmers in choosing the best market and the type of hog, 
and in raising the hogs to the best weight. Information of this kind 
is also of value to the livestock industry, especially with regard to 
their purchasing programs. 


F. SOME ADDITIONAL WORK NEEDED 


Both the North Central and Western Regional Livestock Mar- 
keting Research Technical Committees have recommended a program 
of research into meat marketing. This would include study of the 
entire meat distribution function from the slaughterer of meat ani- 
mals through the wholesaler and retailer to the consumer. Most 
previous livestock research has centered more on the live animal than 
on meat. The wholesaling and retailing functions usually absorb 
about two-thirds of the farm-to-retail price spread. Thus, it is in this 
sphere that the greatest savings might be made through improved 
efficiency. 


ReGionaL Researcu IN MARKETING oF Livestock AND Meat 


(BAE-PMA-BAI—RM: b-27—Federal-State—RMA Funds) 


(For work in cooperation with States on regional projects NCM-3, NCM-4, 
WM-4, WM-—5), see ch. 39) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The several lines of work here reported include analysis of recent 
developments in the marketing of livestock, meats, and wool; and the 
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exploration of ways of increasing the efficiency of marketing these 
products and of improving the basis on which prices to farmers are 
determined. 

The work is carried on under the regional research program of the 
State agricultural experiment stations. The Federal agencies are rep- 
resented with the regional technical committees. Initiating responsi- 
bility rests in the experiment stations, the Federal agencies participat- 
ing by request. 





B. CURRENTLY ACTIVE LINE PROJECTS 











RM: b-27.1—Marketing livestock in the South (southern). A 
study of the structure of the marketing system for the growing live- 
stock industry of the South, including comparative costs and eflicien- 
cies and the bases of pricing. 

RM : b-27.2—Marketing feeder and slaughter livestock in the West 
ern States (western). Surveys of farmers and ranchers, marketing 
agencies, and packers regarding methods and practices, costs and 
charges in marketing livestock through auctions and other channels, 
and analysis of ways to increase efficiency. 

RM : b-27.3—Marketing slaughter livestock by carcass grade and 
weight (North Central). Wor k with cooperating packers to develop 
feasible methods of using carcass grade and weight as the basis for 
prices paid farmers for slaughter livestock in order that these prices 
may be ne reflect quality. 

RM: 7.4—Preparation and processing of domestic wools to en- 
hance oa market value and increase returns to wool grower ( west- 
ern). Economic appraisal of possible improvements in preparation 
of domestic wools for market in order to better their competitive rela- 
tionship with imported wools, and of preparatory processing in the 
West as a means of improving returns to western growers. 

RM : b-27.5—The place of frozen-food locker plants and home- 
freezer units in the slaughtering, processing, distribution, and con- 
sumption of meats (North Central). A survey of locker plants and 
home-freezer owners to find out the significance of these recent de- 
velopments for the marketing of livestock and meats. 





C. HISTORY AND EVOLUTION OF THIS WORK 











The first coordinated regional research on the marketing of live- 
stock and livestock products was initiated in the North Central region 
in 1939. Work there has included a general survey of livestock mar- 
keting, a wartime survey of the use of trucks in moving livestock to 
market, and studies of hog pricing and the marketing of feeder cattle 
and sheep. The Departme nt was instrumental in initiating this work, 
and maintains cooperating agents both in Washington and in the field. 

Work in the western region was initiated shortly after the Research 
and Marketing Act was passed. Department cooperating agents are 
maintained in Denver, for livestock: and in Boston, for wool. 

In the South a technical working committee has been established, on 
which the Department is represented, and a cooperating agent has 
been appointed. 
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D. FUNDS—ANNUAL EXPENDITURES 


Agencies cooperating in this project have spent the following 
amounts of RMA funds on this work: 


1948 1949 1950 
$11, 500 $30, 500 $47, 000 
2,900 2, 700 
No RMA Senale were allotted to PMA, since its work on this project 
was carried on as incidental to its regular grading work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Frozen-food lockers and home freezers.—There has been widespread 
interest in the extent to which the large number of frozen-food locker 
plants and home freezers may have changed the slaughter of livestock 
and the distribution of meats. The survey of these new developments 
in the North Central region indicates that they have contributed to 
and improved distribution and increased consumption of meat, but 
have not substantially altered general patterns of meat production, 
proc essing, and distribution. A report of this study is being pr inted 
by the Wisconsin Experiment Station. 

Ea ist-West trade in livestock.—A decreasing proportion of the live 
stock marketed is being shipped out of the region and, if this trend 
continues, the Corn Belt may need to seek other sources for feeder 
animals. Analysis of the western livestock industry shows that in 
creases in produe tion have not kept pace with either the increases in 
slaughter in the West or the increase in the human population in that 

region. A report of this study, Shifts in the Trade in Western 
Slaughter Livestock, has been published by the USDA and the Western 
Livestoe k Marketing Research Technical Committee. 

Pricing by carcass weight and grade——Some buyers and small pack 
ers are now paying farmers quality premiums for hogs on the basis 
of carcass weight and grade. Large packers are following this pro 
gram with considerable interest with a view to adopting the practice 
themselves if it proves profitable. Tentative Federal grades have been 
issued by USDA for use in this method of pricing. 


Ir’. SOME ADDITIONAL WORK NEEDED 


North Central and Western.—Research should be pressed forward 
particularly on meat distribution, including margins, costs, and pos 
sible economies which might be effected at all stages in the market- 
ing process, particularly in retailing. Further work is needed on 
marketing by carcass weight and grade i in order to resolve remaining 
problems i in the a plication of this method of pric ing. The general 
studies on \iventionk marketing in the West sibel to be followed up by 
specific analyses comparing advantages to producers of alternative 
marketing channels, and attacking the problems brought out in the 
study of trends in inshipment and outshipment of livestock and meat. 

Southern.—As the general survey of livestock marketing in this 
region develops, it will provide the basis for detailed analyses of 
means of increasing efficiency and improving price-making processes. 
There is need also for a careful appraisal of the future possibilities 
of the expanding livestock industry of this region. 
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Northeastern.—Regional cooperation in livestock marketing 
research in the Northeast is bad y needed, and efforts to organize a 
program there should be continued. 


Disease Conpitions ENCOUNTERED Durtne Meat INspecrion 
(BAI—i-4-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF WORK 


To investigate disease conditions and the presence of harmful bac- 
teria in meat as required by the Federal Meat Inspection Service. 
This work includes laboratory ex xaminations for the diagnosis of dis- 
ease conditions and for cases of food poisoning, spoilage, and adul- 
teration of meat and meat food products. In addition, scientific in- 
formation on diseases or abnormal conditions that is needed to guide 
meat inspectors in judging the wholesomeness of meat and meat prod- 
ucts is obtained through appropriate research investigations. 


B. CURRENTLY ACTIVE LINE PROJECTS 
There is no line project under this work project. 
C. HISTORY AND EVOLUTION OF THIS WORK 


Laboratory examination for disease conditions in meat, in connec- 
tion with meat inspection, began in 1891 with the establishment of 
facilities in Chicago for microscopic examination of pork for trich- 
inae. This was done to certify trichinae-free pork for export to 
foreign countries. Soon thereafter the trichina-examination pro- 
gram extended to 12 other cities throughout the country. In 1906 this 
service was discontinued, but branch laboratories were established at 
Chicago and Omaha to provide adequate Nation-wide facilities for 
investigating disease conditions and harmful bacteria in meat as 
related to meat inspection. This work was divided on a regional basis 
among the branch laboratories at Omaha, Chicago, and the main 
laboratory at Washington, D. C. In 1930 the laboratory at Omaha 
was discontinued, but facilities were provided at Denver to take care 
of the work previously done at Omaha. In recent years approx- 
imately 700 laboratory reports have been made annually on disease 
conditions in fogd animals and on determination of spoilage and 
adulteration of meat and meat products. These laboratories are 
rendering a public-health service by aiding in the removal of products 
that are unfit for use as food. 


D. FUNDS—-ANNUAL EXPENDITURES 


Direct expenditures for this project have ranged from about $9,500 
in 1923 to about $25,000 in 1949. About $10,000 of the costs in 1949 
were for laboratory changes. Expenditures in 1950 were $15,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Laboratory examination of meat and meat food products, as deemed 
necessary by the Meat Inspection Service, has been highly effective 
in removing-diseased meat from the Nation’s food supply and thereby 
Serving as a 1 definite protection to the consumer. 
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F. SOME ADDITIONAL WORK NEEDED 


The role of various factors, including bacterial contamination, i 
causing mushiness of market hams should be studied in order to 
find a practical method of controlling this type of spoilage, which is a 
problem in many packing est: ablishments. 

Cause of jaundice in hogs.—Recently there has been a heavy increase 
in the condemnation of hog carcasses because of jaundice. As a first 
step in preventing losses to the industry from this disease, investiga 
tions as to the cause of this malady should be made. 


ZooLoGIcAL INvestTiGATioNs Revatrive tro Meat INsPectrion 
(BAI—i-4—-3—F ederal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


Through experimentation (1) to develop improved processing pro- 
ce dures for the destruction of trichinae (parasites causing trichinosis) 
in pork and tapeworm cysts in beef; (2) to develop information on the 
effects of salt and other curing ingredients on trichinae and the effects 
of high and low temperatures on trichinae and tapeworm cysts; (3) 
to test curing procedures proposed by meat-packing establishments 
for special products ; (4) to sample products cured in accordance with 
existing cP lage et determining whether parasites have actually 
been destroyed; (5) to make accurate determinations of parasites and 
the lesions they produce i in edible portions of carcasses; (6) to advise 
the Meat Inspection Service on parasites affecting edible portions of 

carcasses used for human food. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Same as work project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Many species of parasites occur in edible portions of carcasses. 
Some species such as trichinae and beef and hog tapeworm cysts are 
directly transmissible to man. Their presence in the flesh of meat 
animals constitutes a ‘health hazard. Other highly dangerous species 
are indirectly transmissible to man through another host. The para- 
sites not transmissible to man are objectionable from a meat-inspection 
standpoint because they render the organs and tissues unfit for food. 
Interest in parasites transmissible to man that occur in the bodies of 
animals used for food was stimulated as early as 1889. The interest 
arose largely from restrictions upon American pork placed by foreign 
governments because of its alleged dangerous character resulting from 
the prevalence of trichinae in American hogs. With the growth of 
the livestock industry and the accompanying increase in slaughter ng, 
the Meat Inspection Service was established. Its responsibility for 
keeping unwholesome meat and meat products from trade channels 
developed an urgent need for methods of processing that could be 
relied upon to destroy disease-producing parasites. There was found 
also a need for reliable identification of parasites and parasitic condi 
tions found in slaughtered animals to establish their ability to cause 
disease. These identifications were required to serve as a basis fol 
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handling and disposing of affected parts. Consequently, beginning 
in the early 1900’s, a research program has been conducted which has 
served to meet reasonably well these needs and, at the same time, to 
protect the public against dangers of parasitic diseases transmitted 
through meat. The existing meat inspection regulations governing 
the processing of meat and meat products to destroy parasites dan- 
gerous to man are based on this research. The judgment of carcasses 
and meat parts that are infested with parasites not transmissible to 
man are also a product of this research. Identifications of parasites 
and their lesions occurring in edible portions of carcasses have been 
made by the Bureau since the inauguration of Federal meat inspection. 


D,. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this project have ranged from about $2,000 in 
1923 to about $13,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of methods of destroying the vitality of trichi- 
nae in pork by high and low te mperatures.—Investigations on tri- 
chinae which were begun in the early 1900’s revealed that the para- 
site, which was previously thought to be unaffected by low tempera- 
tures, could be destroyed by refrigeration and that pork kept at a 
temperature of 5° F. for a period of 20 days becomes completely 
harmless so far as the danger of transmitting trichinosis is concerned. 
As improved methods of refrigeration became available, further in- 
vestigations revealed that trichinae in pork can be destroyed by 
refrigeration at a temperature of —10° F. for 10 days and at a tem- 
perature of —20° F. for 6 days. These findings have opened the 
way for more rapid processing of pork to destroy trichinae as a 
means of protecting the public against trichinosis. Further studies 
conducted by the Bureau established definitely that the lowest tem- 
perature which is effective in destroying trichinae by heat is 131° F. 
This investigation made possible the use of heat as a means of de- 
stroying trichinae in pork and its products. 

Developme nt of practical methods of curing various kinds of pork 
and pork products customarily eate it without cooking. —Investiga- 
tions carried out over a period of years have resulted in developing 
curing procedures that can be relied upon to destroy the vitality of 
trichinae in pork and its products. The procedures involve the addi- 
tion of salt in specific amounts and holding the salted meat for 
periods and at temperatures which are rigidly specified. These pro- 
cedures are a part of the meat-inspection requirements for the proc- 
essing of ready-to-eat pork. 

The discovery that tapeworm cysts in beef can be destroyed by 
refrigeration and heat. —Investigations of methods of destroying 
tapeworm cysts resulted in the discovery that they can be rendered 
harmless by freezing for a period of 10 days at a temperature of 
5° F. Recently rese: earch has shown that the vitality of the cysts can 
be destroyed by temperatures of about 140° F. This opens the wiy for 
the processing of beef to destroy tapeworm cysts by methods more 
rapid than refrigeration. This discovery also makes possible specific 
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recommendations to housewives relative to cooking of beef to avoid 
tapeworm infection. 

Discovery of extent to which parasites cause economic losses 
through damage to livers and other edible portions of carcasses.— 
It has long been recognized that adult ascarids (the large intestinal] 
roundworm) oceasion: illy migrate from the small intestine, and enter 
the liver. Recent investigations disclosed that many entire carcasses 
of swine are condemned because of a generalized icterus (yellow 
color of the flesh and fat) resulting from migrating ase: arids plug- 
ging the bile ducts of the liver. It was found that in some years as 
many as 8 percent of all hog carcasses condemned were rejected for 
this reason. In fact, in some packing houses, at certain seasons of the 
year, from 50 to 75 percent of condemnations of hog carcasses are 
due to this cause. During the growth stages of asc arids and kidney 
worms within the body of the hog, these ‘parasites invade the liver 

causing scars which require either condemnation of the entire liver or 
costly trimming to remove affected parts. Investigations have shown 
that in certain areas of the South not more than 10 percent of hog 
livers are saved for food because of ascarids and kidney worms. In 
addition, condemnation of swine carcasses because of kidney worms 
sometimes amount to 10 percent of rejections for all causes. In the 
case of hogs raised in the latitude of Chicago, IIl., about 50 percent 
of the livers contain lesions caused by ascarids and kidney worms. 
In the South it has been estimated that losses caused by kidney 

worms alone amount to at least $1.25 per hundred pounds of live- 
weight of hog. In one area in a Western State where cattle grubs 
are prevalent it was recently ascertained that economic losses arising 
from trimmings of parts invaded by the grub amount to from 34 to 
1 cent per pound of live weight of the animal. This information 
is very valuable in convincing ‘livestock producers of the vital neces- 
sity of carrying out animal “husbandry practices recommended for 
the control of costly parasites. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of the effects of salt and other curing ingredients u) 
trichinae in pork.—While it is well known that salt in specific qua 
tities mixed with meat or applied to the surface will in time destroy 
trichinae, little is known of the effectiveness of salt in concentra 
tions different from those prescribed by the meat-inspection regu 
lations. There is an increasing demand from meat packers for the 
use of salt concentrations lower than those prescribed bee: ase 
amounts permitted are, in many cases, too great to produce a pal- 
atable product. Under present conditions ‘of relative se arcity of 
cured pork, there is a demand for more rapid curing procedures. In- 
formation is lacking as to the effectiveness of these faster methods 
in destroying trichinae and the amount of salt and other curing i 
gredients necessary to make them effective. 

Development of new techniques for the destruction of trichinw 
in pork by refrigeration—Constant improvements in refrigeration 
methods make possible the attainment of progressively lower tem- 
peratures for meat storage. The effectiveness of temperatures lower 
than those tested in destroying trichinae is unknown at present. 
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Investigations of methods to destroy trichinae in pork products 
not prepared to be eaten without cooking.—A large number of pork 
products not processed at the time of manufacture to destroy trichi- 
nae are on the market. Examination and tests of curing methods 
applied to these products might reveal that slight alterations in cur- 
ing procedures would result in destruction of trichinae, and there- 
fore make the meat safe for human consumption. If infective trichi- 
nae could be eliminated from all pork, the problem of human trichi- 
nosis would disappear. 

Investigations to develop methods of proce ssing pork to des stroy 
parasite 8 by electronic proce dures—The destruction of bacteria by 
electronic devices such as dielectric heaters, supersonic devices, and 
others has been accomplished. ‘These techniques offer promise as a 
means of processing pork to destroy trichinae and other parasites 
without the disadvantages of giving the meat a cooked appearance. 
Further tests are necessary to prove the value of such proc cedures. 


RESEARCH, SERVICE, AND EnucartonanL AsstsTANce ror Livestock 
COOPERATIVES 


(FCA—A-1-6—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The Cooperative Marketing Act of 1926 (Public, No. 450, 69th 
Cong.) authorizes assistance in the organization, development, and 
operation of agricultural cooperative associations. This project re- 
lates directly to cooperative associations marketing livestock. Cur- 
rently the work includes the making of research studies, surveys, and 
appraisals, as well as the acquisition, analysis, and dissemination of 
economic information for the guidance of livestock cooperatives seek- 
ing solutions to their operating, financial, and merchandising prob- 
lems. Specifically, work is being done at the present time (1) to 
develop information that can be used as a basis for the sale of hogs by 
grade and for the coordination of hog sales between livestock coopera- 
tives, (2) to prepare general publications dealing with cooperative 
marketing of livestock, (3) to advise in the organization of coopera- 
tive livestock auctions and assist in the design of their facilities, and 
and (4) to cooperate in the preparation of an employees training 
manual. 


B—1. CURRENTLY ACTIVE LINE PROJECTS 


a—1-6-1—Decentralization of cooperative livestock markets. (Busi- 
ness analysis of the Producers Livestock Cooperative Association, 
Columbus, Ohio.) To measure the trend toward decentralization in 
livestock marketing and its effect on the business operations of live- 
stock cooperat ives. 

a—1—6-—5—Handbook of cooperatives marketing livestock. To com- 
pile, tabulate, and publish annually information showing the volume 
and value of livestock marketed and processed cooperatively through- 
out the United States. 
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B-2. CURRENT SERVICE PROJECTS 


Livestock-marketing facilities for Southern and Eastern States — 
To study recent livestock production and marketing trends through- 
out the Eastern and Southern States with a view to determining the 
needs for additional marketing facilities and the possibilities for 
suecessful cooperative organizaton and operation in these areas. The 
growing importance of livestock production in the Southeastern and 
Southern States has brought requests for assistance from the Ameri- 
can Farm Bureau Federation, State Extension Services, and Banks 
for Coope ratives. 

Personnel training manual_—To cooperate in the preparation and 
writing of a personnel training manual designed for use of coopera- 
tive livestock marketing associations in giving both old and new em- 
ployees a better understanding of cooperative - philosophy, ideals, and 
objectives. Requested by the National Livestock Producers Asso- 
ciation. 

Livestock auction surveys.—TVo assemble, compile, and analyze eco 
nomic data relating to livestock production, marketing practices, com- 
petition, and slaughter outlets of specific areas with a view to deter- 
mining the needs and possibilities of cooperative auctions; and to 
prepare reports and furnish plans for the guidance of interested 
groups In fulfilling their organization wishes and meeting their finan- 
cial requirements. Requested by the Banks for Cooperatives. 


B-3. CURRENT EDUCATIONAL WORK 


Such work includes the preparation and revision of research bulle- 
tins dealing with the cooperative marketing of livestock; the writing 
and publishing of articles of particular significance and interest to 
livestock-marketing cooperatives; participation in conferences and 
meetings called by cooperatives for the purpose of reviewing operating 
results and determining future policies. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work with livestock cooperatives began in 1915 shortly after the 
establishment of the Office of Markets in the Department of Agricul- 
ture. Activities with livestock cooperatives have included studies 
and analyses of their operating methods, sales policies, accounting 
procedures, legal set-up, and costs of doing business. 

As a help to livestock associations, cooperation was extended in the 
preparation and publication of a field-service manual. An educational 
film, Cooperative Marketing of Livestock, was produced and released 
in addition to film strips for use at producer meetings. 

A number of case studies of representative cooperative associations 
have been made not only for the benefit of the associations studied 
but to assist other producer groups interested in the same kind of 
development by demonstrating the problems involved as well as some 
of the results that ean be achieved through cooperative organization. 
Some of the results of these studies have been published in bulletin 
and cireular form. 

As producer groups began to develop interest in cooperative meat 
processing and frozen-food lockers, studies were undertaken to in- 
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vestigate the possibilities in these fields with a view to keeping abreast 
of current developments and giving farmer groups the benefits of past 
experiences. 

From 1929 to 1950, numerous requests for surveys and appraisals of 
meat-packing plants have been received from cooperative groups in 
all parts of the nied including the Sucher Packing Co., Dayton, 
Ohio; the Vogt Packing Co., P hiladelphia, Pa.; Stark, Wetzel Co. 
Indianapolis, Ind.; Idaho Meat Producers, Caldwell, Idaho; Fergus 
Cooperative Pac king Co., Fergus Falls, Minn.; Oregon Livestock 
Cooperative, Oregon C ity, Oreg.; Stoney Pike Packing Plant, Logans- 
port, Ind.; and the Beaumont Packing Co., at Beaumont, Tex. Sur- 
veys were also made at Corpus Christi for Texas cattlemen and at 
Las Cruces for New Mexico producers to determine the feasibility 
of establishing cooperative pening plants at those points. 

Studies of packing-plant facilities were made in Georgia, Florida, 
Oklahoma, and Miciesippi. In connection with cooperative meat 
processing and Joans made by the Farm Credit Administration to 
meat-packing plants, extensive work was done with the Detroit Pack- 
ing Co. at Detroit, Mich., and the Shen-Valley Meat Packers, Inc., at 
Timberville, Va. 

In later years, work emphasis has shifted to a large extent from the 
organizational phase of cooperative marketing to the improvement 
and perfecting of operating tec hniques, accounting records, member- 
ship relations, and personnel training. 

Specifically, rather detailed comprehensive studies were made at the 
following terminal livestock markets for the benefit of the coopera- 
tives of those markets and their members: Detroit, Chic ago, St. Louis, 
Kansas City, Buffalo, x ittsburgh, Evansville, Louisville, Sioux C ty, 
Peoria, Milwaukee, St. Joseph, St. Paul, and Los Angeles. In 
these activities, siisianch was rendered as a result of requests e 
service, 

During the war, responsibility was assumed for the shearling pro- 
duction program for the Army Air Corps in conjunction with the 
Agricultural Extension Service. In cooperation with personnel from 
the Eastern Regional Laboratory, work was performed in connection 
with hide and leather conservation for the War Department. Educa- 
tional publications were prepared and hide schools conducted in meat- 
packing plants over the country. 


D. FUNDS—-ANNUAL EXPENDITURES 


In 1926, when this work was initiated, expenditures did not exceed 
510,000 annually. The allotment for fiscal 1950, including research, 
service, and educational work, was $38,000, 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of a national commodity coo pera- 
tive—Many of the established livestock associations have called re- 
peatedly for research and service in connection with specific problems 
and jobs which they did not feel qualified to do for themselves. Part 
of the work has been directed toward encour aging unity and closer 
working relations between cooperatives in the same field, with the 
thought of securing better coordination of policies between sales 

78552—51—vol. 1——14 
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agencies and protection from boycotts which were a constant threat 
to the early livestock cooperatives. As a result, 20 of the large-scale 
cooperative livestock sales agencies formed the National Livestock 
Producers Association at C hicago, Ill., which exerts a coordinating 
influence with respect to the settlement of common problems and the 

establishment of cooperative policy. The organization plan and 
legal papers were drafted by the Department in consultation wit] 
leading livestock producers. Included in the organization plans were 
pape rs from two subsidiary corporations which resulted i in the forma- 

tion of the National Feeder and Finance Corp. and the National Live 

stock Publishing Association. 

In 1949 the sales agencies of the National Livestock Producers 
Association handled livestock valued at 686 million dollars; the credit 
corporations of the National Feeder and Finance Corp. extended 25 
million dollars in livestock credit. 

Currently it is estimated there are 550 cooperative livestock asso- 
ciations in the United States with a combined membership of slightly 
less than a million members doing an annnal business in excess of one 
billion dollars. 

Assistance in the organization of State and regional marketing co 
operatives.—In areas where livestock marketing cooperatives have not 
been org: anized. requests have been received for advice and assistance 
from many States. Examples of successful cooperatives formed as a 
direct result of work performed are the following: Texas Livestock 
Marketing Association at Fort Worth, Oklahoma Livestock Marketing 
Association at Oklahoma City, and Producers Livestock Marketing 
Association at Salt Lake City. 

Assistance in the organization of financing cooperatives.—When 
credit stringencies developed in 1930, forcing wholesale liquidation of 
cattle, appeals were made for the organization of four regional live- 
stock credit corporations and in the reorganization of two others 
These credit corporations are all oper: ating today and are in prosper 
ous condition. Every dollar of the funds advanced by the United 
States Government for capitalization purpose has been returned t 
the Treasury with interest. The credit corporations organized we 
Tri-State Livestock Credit Corp., San Francisco, Calif.; National 
Finance Credit Corp., Fort Worth, Tex.; fileradunas Livest« 
Credit Corp., Denver, Colo. ; Oklahoma Livestock Credit Corp., Okla 
homa City, Okla. The credit corporations reorganized were | 
Wasatch Livestock Loan Co., Salt Lake City, and the Producers Li 
stock Credit Corp. at Chicago. 

Assistance rendered foreign cooperatives.—Acting on a request fron 
the Canadian Prime Minister to the Secretary of Agriculture, a sur vey 
was made for the purpose of pointing out methods of coordinat 
the operations of Canadian livestock cooperatives on a national se 
Advice and assistance was also extended the Lethbridge Cooperati 
Packing Co. at Lethbridge, Alberta, and the First Cooperative Pack- 
ers of Barrie, Ontario. Information was also furnished The Canadi: 
Society for the Establishment of Rural Life at Montreal which assiste« 
in the deve lopment of a cooperative meat-packing plant in the Sag e- 
nay area of northern Quebec. At the invit: ation of the De ~partm 
and cooperative execitives, several Canadian cooperative officials S 
managers, and personnel have utilized American cooperatives as tra 
ing schools. 
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The Government of Colombia, South America, requested the De- 
yartment to design facilities and recommend locations for meat-pack- 
ing plants, wheat, corn, and rice storing and drying facilities, also 
potato storage plants. That work also was conducted under this 
project. 

F. SOME ADDITIONAL WORK NEEDED 


Mcat-processing research.—Increased interest in meat processing on 
the part of producer groups, coupled with continued growth in live- 
stock slaughter at locker plants, calls for additional research and a 
pooling of information on such subjects as costs and margins, pro- 
curement methods, sales policies, utilization of byproducts, and dis- 
tribution problems. 

Study of livestock production and marketing in the Southern 
States.—With livestock numbers showing a marked increase in many 
areas of the South, marketing problems are arising on which pro- 
ducer groups are seeking assistance. There are no large terminal live- 
stock markets in this area and producers as a rule are located a con- 
siderable distance from market. Local livestock auctions are widely 
used for marketing and disposition of livestock. These auctions 
should be studied from the standpoint of their reliability, their integ- 
rity, the openness of the competition which prevails, and prices real- 
ized by southern stockmen in comparison with prices paid for similar 
livestock in other parts of the country. 

Coordination of hog sales be tween cooperative 8, More research 
needs to be done in the coordination of hog sales between cooperative 
sales agencies functioning at terminal as well as country livestock mar- 
kets. Before a coordinated sales program can be made effective a 
satisfactory grading system for live hogs must be developed and 
accepted in trading practices by buyers and sellers alike. 


Processinc or Mear Propuctrs 1x Frozen Foop Locker anp Reiatrep 
PLANTS 


(FCA—RM: c-8S8—Federal—RMA Tunds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


lhe purpose of the project is to determine ways and means whereby 
the processing of livestock and livestock products by frozen-fooil 
locker and related plants can be improved, quality of product stand- 
ardized and improved, costs and margins reduced, wastes eliminated, 
marketing and distribution services expanded, and the spread between 
producer and consumer narrowed through utilizing the facilities of 
producer cooperative associations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-83-1—Improving efficiency in locker-plant operation. To 
study costs and margins of major locker services to determine the effect 
of fluctuating volume on costs, adequacy of rates, and methods of 
reducing acquisition, processing, marketing, and transportation costs. 

RM : c-83-2—Utilization of edible byproducts. To develop new 
techniques and processes in manufacturing commercial-type sausage 





204 AGRICULTURAL RESEARCH AND RELATED SERVICES 


from edible byproducts of locker plants not now being used for human 
consumption. 

RM : c-83-3—Improving livestock-purchasing methods. To develop 
methods and test out the possibilities of buying livestock on a carcass 
grade and weight basis. 
~ RM:e oo-4— tape processing techniques. To develop new 
and eos ormulas and techniques for processing meat products 
and inedible byproducts, as well as to improve packaging and mer 
chandising of these items. Also work with equipment manufacturers 
in developing machines suitable for small-plant operation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In the early days of locker-plant operation services were limited 
largely to chilling, wrapping, freezing, and storing of meats, fruits, 
and vegetables. Since World War II these ¢ onditions have ch: ange. 
To meet successfully increased operating costs, keener competition, 
and increased demand for better service, it has been necessary for 
locker operators to improve their services, reduce wastes, utilize labor 
more efficiently, and expand their operations to serve not only locker 
patrons but also home-unit owners, retail stores, restaurants, and 
institutions. 

The growth of the industry and the expansion of services created a 
demand for information on proper and efficient processing facilities, 
techniques, operating procedures, and merchandising methods. 

The initial phase of the project undertaken consisted of a study of 
100 cooperative locker plants to obtain information on types of facili- 
ties and equipment in use, investment, processing techniques, labor 
requirements, volume handled, utilization of byproducts, : ind operat- 
ing results. Results of this study were published in FCA Miscella- 
neous Re} ort 129, 

This stud} revealed weaknesses in operations and the need for re- 
search along lines of improved processing techniques, better utiliza- 
tion of by produc ts, improved quality, more efficient use of labor, more 
accurate determination of costs, and expansion of market outlets. 

Current and future studies are pointed toward meeting those prob- 
ems. 


D. FUNDS—ANNUAL EXPENDITURES 


Since 1948, when this project was undertaken, annual appropriations 
have ranged from $8,000 to $12,000 per year. The allotment for 1949 
50 is approximately $12,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstration that inexperienced help can be trained in relatively 
anes time to manufacture high quality commercial sausage on a small 

cale in a locker plant. 

Small equipment desired —As a result of the work of this wee t 
a manufacturer of packing equipment was encouraged to develop a 
efficient hog-dehairing machine particularly ad: apted to small meat 
processing pl: — The inventor of an improved lard-rendering sys 
tem has also been interested in designing equipment suitable fo: 
locker-plant operation. 
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Improved purchasing methods.—Assisted in the experimental de 
velopment and application of a system of purchasing hogs on a carcass 
grade and weight basis designed to better reflect value differences 
between hogs of varying weight and grade. 


F. SOME ADDITIONAL WORK NEEDED 


processing techniques, particularly in curing, smoking, lard rendering, 
and sausage manufacture. 

O pe rating costs. Additional research is also needed in determin 
ing accurate costs and margins in order to ascertain where costs can 
be reduced. 

Byproduct utilizati on. More inform: ition is needed in th e utiliza- 
tion and manufacture of byproducts, both edible and inedible. 


Processing research._—Additional research is needed in improving 


INrRODUCTION OF Mrat-Tyreet Hocs anp Improvep SWINE CARCASSES 
FoR CoMMERCIAL DisTRIBUTION 


(FCA-BAI—RM: c-126—Federal—RMA funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to determine means of judging carcass 
yields of primal cuts so that a more equitable distribution of sales pro- 
ceeds can be made between producers of choice meat-type hogs and 
farmers who produce overfat and lard-type hogs. Selection of live 
hogs and cut-out tests of hog carcasses are made to find the correla 
tion between live grades of hogs and dressed carcass grades. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-126-1—Introduction of meat-type hogs and improved swine 
carcasses for commercial distribution. ‘To develop methods whereby 
premiums and discounts on the various grades of hogs can be reflected 
equitably back to the grower in accordance with the real value of cuts 
produced: to determine whether farmers can produce hogs yielding a 
high percentage ratio in weight of the lean cuts to fat cuts through 
proper breeding, feeding, and selection; and to adapt carcass grades 
to live grades of hogs which will enable an improved marketing syster 
to be developed. 


I 


C. HISTORY AND EVOLUTION OF THIS WORK 


For many years lard prices, per pound, in the United States were 
higher or equi al to the price of live hogs per pound, but since the early 
thirties lard be ‘gan to lose favor with consumers and the price relation- 
ships changed. Since 1935, except for the war years, lard has been 
selling at a price substantially lower than that of live hogs. This 

situation has brought about a de 080 for hogs producing a higher 
percentage of the lean cuts and a smaller percentage of fat cuts to 
lessen the amount of lard wiciideall 

Cut-out tests to determine the differences in value between meat- 
type crosses and the meat-type and lard-type animals of the domestic 
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breeds have been instituted in an attempt to give answers to producers, 
processors, and consumers on the lard and hog problems mentioned in 
the objectives of this project. 

As the practice of the meat packer has been to buy on “averages” 
all hogs within a weight range with little recognition of quality, it has 
become apparent that certain definite grade standards should be in 
stituted. This project proposes to develop methods which will refle 
truer values of quality in each hog or each lot of hogs, enabling th 
farmer to share in the benefits arising from his efforts to produce mor 
desirable pork cuts and thus giving him an incentive to continue to im 
prove his hog breeding. 

Meat packers have contended that hogs grown in different areas o! 
the United States do not yield the same percentage of primal cut 
although the hogs are of similar grades and weights. They have mad 
differentials in prices that seemed unjustified in many sections. By 
testing hogs from two or more areas it can be established whethe: 
such price differentials are justified. 

Consumer reluctance to buy fat cuts of pork and use more lard has 
spurred all livestock interests to work toward producing a meat-ty) 
hog. Producers, meat packers, livestock marketing agencies, an 
even consumers have expressed increasing interest in the development 
of a meat-type hog which is better adapted to our present economy. 


D. FUNDS—ANNUAL EXPENDITURES 


This project began in 1948. Annual appropriations have ranged 
from $9,000 to $13,430 per year. The allotment for fiscal 1950 was 
approximately $13,430. A part of the work has been carried on unde: 
contract. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Data on meai-type hogs.—Cut-out tests have been conducted 01 
933 hogs at Detroit Packing Co., Detroit, Mich., covering hogs pro 
duced in Michigan and northern Ohio, and on 637 hogs produced 
Virginia and West Virginia and slaughtered at Shen-Valley Meat 
Packers, Inc., Timberville, Va. 

Analysis of the cut-out data secured at Detroit Packing Co. has 
been made and a preliminary report prepared. Data secured at Sher 
Valley Meat Packers is being analyzed and will be combined wit! 
the Detroit data for publication. Results to date indicate that meat 
type hogs are to be found in any of the known breeds and crosses 
and can be produced in increasing numbers by proper breeding. 
teeding, and selection. 

Quality factors developed.—Also there is evidence that hog slaugh- 
terers could pay premiums for outstanding hogs which will produce 
50 percent or more of the carcass weight in the primal cuts—hams, 
bellies, loins, butts, and picnics. Thickness of back fat is a definit: 
guide in the determination of hog values. But length and conforma 
tion are two other factors which may cause differences in carca 
values fully as important as the variations attributable to thickness 
of back fat. 
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F. SOME ADDITIONAL WORK NEEDED 


Methods for recognition of quality —More information is needed to 
develop satisfactory and commercially practical methods for the 
recognition of quality. Data on larger numbers of hogs in all the 
weight ranges are needed to check the accuracy and the justifies ition 
of price spreads on hogs of various weights. Carcass grades need 
further study to correlate live grades of hogs with carcass grades. 


FeperaLt Meat GRADING 


(PMA—Federal—Market Inspection of Farm Products) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To provide a method to facilitate the marketing of meat in accord- 
ance with its commercial value. Since standards for grades of live- 
stock are based on standards for meat, the service also provides a 
method for obtaining, for livestock growers, returns more closely in 
line with the quality of their product. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


1. Commercial grading.—A major portion of the current work con- 
sists of the classification and grading of beef, veal, calf, lamb. and 
mutton on a voluntary basis, according to official standards of the 
Department. 

Examination and acceptance work.—Considerable work is also 


being done in the acceptance and certification of meats as complying 
with the purchase specifications of Federal, State, county, city, or pri- 
vate institutions, hospitals, hotels, restaurants, dining cars, steamship 
lines, and other large-scale users of meat. 


HISTORY AND EVOLUTION OF THIS WORK 


The Federal meat-grading service was started in 1923 on a very 
small scale as a special service to the United States Shipping Board 
in order to help it get beef of the desired quality for use on emer- 
gency fleet and other United States-owned vessels. During the next 
2 years, the service was provided to other steamship companies, to 
railroads, and large hotels, then to Federal, State, and county hospitals 
und other governmental institutions. Other purchasing agencies tried 
the service, found it beneficial, and continued to use it because it 
afforded for the first time a definite and reliable means of insuring 
the uniform quality of meats demanded by their patrons. In 1927 
the Better Beef Association requested that the Department of Agricul- 
ture extend the program of grading by stamping beef for consumer 
information. It was believed that grade stamping according to 
official standards would (1) aid consumers in selecting better-quality 
meats, (2) prevent deception and substitution, thus broadening the 
market outlet for animals in the upper grades, and (3) establish a 
definite relationship between grades of animals and of meats derived 
therefrom as a true basis for payment to livestock producers according 
to the qualities of animals sold. 
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For about 1 year, the service was rendered free of charge by thie 
Department as an experiment and demonstration. In July 12s 
the grading service was made available upon request to slaughterers 
and marketing agencies at designated markets on a fee basis. The 
success of the demonstrational period and the value of the service to 
financially interested parties in the livestock and meat business, 
irrespective of the change from free grading to a self-sustaining basis, 
was evidenced by the constant and dependable expansion in the grad- 
ing service. From a dozen graders at three markets in 1928, the 
service expanded to about 75 or 80 graders stationed at the principal! 
meat-market centers in 1941. During World War II Federal grading 
was made compulsory as a basis for establishment of price controls 
under the Office of Price Administration. During 1944 under manda- 
tory grading, over 800 official graders were operating throughout the 
country. The volume of grading was sharply reduced upon ‘abandon 
ment of price ceilings and mandatory grading in October 1946, but 
was substantially restored within a short period of time. Four years 
after the abandonment of the price controls of meat and the reestab- 

lishment of grading on a strictly voluntary basis, more than 200 
graders were required to accommodate the requests for the service. 
Much of the sustained increase is attributed to the demand by all 
segments of the meat industry and consuming public for graded 
meats, thereby reflecting confidence in the meat grading service. 


Pl 


D. FUNDS-—-ANNUAL EXPENDITURE 


In 1927, $10,000 was appropriated for this activity. Prior to 
that time, the service to the United States Shipping Board, a Govern- 


ment agency, was on a reimbursable basis. After 1927 funds for this 
work were increased from time to time as the work expanded to 
about $44,000 in 1932. As a result of economy reductions, funds for 
this item were reduced during the next 3-year period to about $30,000, 
and have continued, with few exceptions, at approximately that level. 

Prior to 1940, it was the practice under cooperative agreements to 
have collections made by the cooperating agency deposited in various 
banks and the accounting therefor performed by such agency. The 
expenses incurred in connection with inspection services were dis 
bursed by the cooperating agency from these collections and a stipu 
lated percentage or amount deposited in the Federal Treasury. 

In order for the Federal Government to maintain a better contro! 
over the funds and activities under coope ‘ative agreements, a trust 
fund procedure was developed late in the fiscal year 1939. Since 
that time, fees for inspection service collected pursuant to cooper ative 
agreements have been de posited 1 1 Federal trust accounts and used 
for defraying costs of the sale Hide: Expenditures under the trust 
funds for this project reached a peak of over 3 million dollars in fis- 
cal vear 1946, Expenditures totaled nearly 114 million dollars in 
1950. Sufficient revenue has been deposited in the general funds of 
the Treasury for each fiscal year since 1932, with one exception, to 
offset the expenditures for this activity from appropriated funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


One outstanding accomplishment of the meat-grading service has 
been its widespread acceptance and use as a basis for trading 
meats at the wholesale level. The uniformity with which the stand 
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ards are applied in all parts of the country precludes the necessity of 
personal inspection prior to purchase, and thereby greatly increases 
the efficiency of the marketing process. 

Directly related to the above is the widespread use that is made 
of the standards by consumers in the purchase of meat at retail. The 
reliability of the grade stamp for indicating the quality of meat has 
undoubtedly ine reased consumer demand for meats, and has also pro- 
vided a means whereby the demands of the consumer for the different 
grades of meat can be reflected through wholesalers and packers to 
producers. Undoubtedly, much of the great improvement that has 
been made in livestock production can be attributed to the use of Fed- 
eral standards and the meat-grading service as a tool for reflecting 
consumer demand. 

A very noteworthy accomplishment was the successful conduct of a 
compulsory meat-grading program during World War II in con- 
nection with Office of Price Administration maximum price regula- 
tions. The successful administration of such a price-control program 
was predicated almost entirely upon a Nation-wide uniform deter- 
mination of grade, which could be obtained only by personnel who 
were entirely financially disinterested in the meat. The acceptance of 
such responsibility, the necessity of very rapid expansion in the size 
of the meat-grading organization, and the successful administration 
of such a program was a most difficult and important accomplish- 
ment. Also directly related to the war effort was the successful ad- 
ministration of a program for acceptance of the huge quantity of 
meats purchased by the Commodity Credit Corporation. The im- 
portance of having such an organization and personnel available for 
similar work in the future cannot be overestimated. 


F. SOME ADDITIONAL WORK NEEDED 
Continued effort is needed to improve the administration and oper- 
ation of the meat-grading service to increase its use and, through im- 
proved supervisory methods and techniques, bring about greater 
uniformity in the application of the standards. 
IMPROVEMENT IN THE APPLICATION OF Live ANIMAL GrApDE STANDARDS 


(PMA—RM-—c-—89—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To instruct market reporters in the correct application of live-ani- 
mal grade standards as a basis for price quotations, in order that the 
price » information in the market reports published may be as accurate 
as possible and useful to the producer in efficient marketing of live- 


stock. A well-qualified live-animal grader works with market re 

porters for a period of a few days to a week. He observes the per- 

formance of reporters in determining grades as a basis for price quo- 
tations in their regular market reporting activity and makes any 
corrections necessary to bring their grading into line with the official 
grade standards, As a check on the accurac y of the grading, by both 
himself and the market reporters, carcasses resulting from slaughter 
of the lot are graded by a member of the Standardization and Grading 
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Division. The grading of the reporters and the instructor are then 
correlated with the carcass grade to determine the accuracy of the live 
animal grading performance of each reporter. When differences 
occur, the instructor points out to the reporter the live-animal char- 
acteristics that indicate the correct carcass grade. Deviations of the 
live-animal grading from the carcass grading are to The 
results are returned to the individual reporter for his information in 
making adjustments in his own grading performance. 


B. CURRENTLY ACTIVE LINE PROPECTS 


Due to the nature of the project there has been no need for line proj 
ects. Instruction is now confined to the application of official grace 
standards to cattle, calves, and vealers. Carralitinn tests are made 
with all market reporters on these slaughter classes. Reporters are 
also being instructed in the application of grade standards for stocker 
and feeder cattle and calves. Instruction is accomplished through 
demonstration and visual observation of representatives of the dif- 
ferent classes and grades of animals sold on each market. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This instruction was begun in December 1947 and has progressed 
continuously since then. An instructor has traveled from one market 
to another working from a few days to a week at each. The bulk 
of the work has been accomplished at the major cattle markets in 
the Corn Belt and the Southwest. One or more periods of instruction 
have been given at each of the markets included in the market-news 
program. Since February 1949 a grading supervisor of the Stand- 
ardization and Grading Division has traveled with the live-aninial 
grading instructor and “has performed the carcass grading on all lots 
selected for correlation tests. This supervisor has provided detailed 
descriptions of the carcasses’ characteristics which determine the grade 
to which they were eligible. ‘These descriptions have been useful to 
the instructor and the market reporters in determining the appearan 
of live animals in relation to the grade of carcass resulting hem 
slaughter. 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $8,600; 1949, 
$9,200 ; 1950, $14,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


As a result of this type of instruction the market reports show a 
higher degree of accuracy and more realistically reflect the true valu 
of the livestock. By providing the producer with reports which more 
accurately reflect the grades of animals sold at the various prices, 
the producer is able to secure a price for his livestock more nearly ' 
keeping with their true value. 

During 1948 about 5,000 cattle and 250 calves were graded in corre! 
tion tests by 21 reporters. In 1949, 44 reporters graded about 11,000 
cattle and 360 calves. The deviation of the live grade from the car- 
cass grade was calculated on each lot. Average deviation of each 
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reporter was also calculated for all lots graded during the year and 
the individual performance rated in relation to the average of the 
entire group. 

Typifying improvement in live grading as expressed in terms of per- 
centage of a full grade, one reporter showed a deviation of 38 per- 
cent for the last quarter of 1948 and 23 percent for the corresponding 
quarter of 1949; another showed 12 percent for the second quarter of 
1949 and 3 percent for the last quarter; another reporter showed a 
10-percent deviation for the year 1948 and 2 percent for 1949; in 
another case the deviation for the year 1948 was 30. percent or nearly 
one-third of a grade while for 1949 his grading showed practically 
no deviation ; another reporter’s devi ation was 22 percent for the 
year 1948 and 13 percent for 1949; and one reporter was 35 percent 
off in the second quarter of 1949 and 18 percent in the fourth quarter 
of that year. 


F. SOME ADDITIONAL WORK NEEDED 


In order to maintain uniformity in the application of live-animal 
grade standards, it is necessary that each reporter carry out frequent 
correlation tests on cattle and calves. Similar work should also be 
done with sheep and lambs. 


IMPROVEMENT IN THE STANDARDS FOR MARKET CLASSES AND GRADES OF 
Livestock AND MEats 


(PMA-BAI—RM: c-90—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain for livestock growers returns more closely in line with 
the quality of their products and to facilitate livestoc ‘+k marketing. 
Current work is designed to extend and improve the class and grade 
standards for livestock and meat by developing and applying more 
nearly objective measures of the factors that determine class and grade 
aaa to develop methods for estimating the skeletal composition of 
the live animal. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : e-90-1—Improvement in standards for classes and grades of 
carcass beef. To improve and clarify the class and grade standards 
for carcass beef through photographic illustrations of carcasses which 
have the minimum requirements for each of the grades, and to es- 
tablish the relationships between the various physical, chemical, and 
histological properties of beef and its palatability and grade. This 
latter study i is being conducted under contract with the American Meat 
Institute Research Foundation. 

RM: c-90-2—Improvement in standards for classes and grades of 
pork carcasses and slaughter hogs. To identify and evaluate carcass 
measurements as related to the proportion and qu: ility of the various 
cuts of meat in the carcass, to formulate standards for grades of car- 

‘asses and slaughter hogs based thereon, and to demonstrate and 
test these standards. 
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RM: c-90-3—Development of accurate methods for the estimation 
of total hosts and carcass composition expressed as proportions of fat, 
muscle, and bone of live meat animals... To develop precise method: 
for the determination of animal body and carcass composition ex 
pressed as the proportion of fat, muscle, and bone in the live meat 
animal, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of United States standards for market classes and 
erades of livestock was started in 1916 and for meat about 10 years 
later. The standards were based on factors used by the trade in evalua 
ting livestock and meat. They have been the basis for reporting 
wholesale trading in livestock and meat and for Federal meat graid- 
ing. During World War II all beef, veal, lamb, and mutton was 
federally graded pursuant to ceiling price regulations. Grading re 
verted to a permissive basis upon removal of price ceilings, but has 
continued on a greatly increased scale as compared to the volume and 
variety graded prior to the war. The grading service for livestock 
and meats has come to be recognized as an integral part of the mar- 
ve ing process; but, with the creatly expanded use that has been mac 
of it in recent years, many shortcomings of the grade standards, in 
varying degrees of importance, have been revealed. It has thus be 
come necessary that special effort be made to develop, through re- 
search, fundamental criteria consisting of subjective and objective 
factors that affect class and grade in livestock and meat and to de 
velop new methods for evaluating those factors that will make pos- 
sible a more accurate and uniform interpretation of the standards. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 


Production nres 
and Market area ot 
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ing Admin- Industry 


istration 


$69, 100 
104, 000 
32, 200 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of a series of 110 different colored photographs 
illustrating the minimum requirements for each of the grades of car- 
cass beef has received very widespread approval as a most con- 
structive step in aiding and unifying the interpretation of these 
standards. These pictures also have eliminated a great deal of the 
human element in the grading of beef and have done much to assure 
the trade that grading is being done uniformly in all parts of the coun- 
try at all times. 

The recently proposed standards for grades of slaughter barrows 
and gilts, which are based almost entirely on objective standards 


for grades of pork carcasses, have been particularly effective in bring tha 
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ing to attention the basic differences in quality and proportion of 
the various cuts produced by different kinds of hogs. These differ- 
ences are of much importance to producers, processors, and consumers, 
but have largely been ignored in the past by the buyers and sellers 
of market hogs. It is too early to evaluate fully the effects of these 
standards, but there is considerable evidence that hog marketing 
practices are gradually being modified to include some considera- 
tion of the factors upon which the standards are based and that more 
use will be made of these standards in the future in sorting and sell- 
ing hogs. 

Several precise methods have been found for measurement of body 
fat in live cattle. One such method was adapted from similar work 
on man, dog, and rabbit and is based on the relationship of body water 
to body fat. Total water content of a live animal is determined in- 
directly from an analysis of the blood after an intravenous injec- 
tion of a known quantity of the chemical antipyrine. With the water 
content of the body known, the fat content can be estimated by the 
use of a simple equation. The results of this very fundamental re- 
search may well have far-reaching application, not only in the field 
of grade standardization but also in the fields of livestock produc- 
tion and breeding. 

Specific gravity values for the viscera and carcass combined to 
yield the specific gravity for the entire animal have also been found 
to be a good measure of fatness. 





SOME ADDITIONAL WORK NEEDED 


Fundamental research—Marked differences exist among carcasses 
of meat animals in their composition, the manner of distribution of 
their fat, the proportions of the various wholesale and retail cuts, 
and the palatability of their meat. Much fundamental research re- 
lated to the identification and evaluation of factors responsible for 
these differences, in both the carcass and the live animal, is required 
before substantial progress can be made in revising existing standards 
so that they are capable of accurately differentiating between the 
various grades of livestock and meat. There is urgent need for the 
the determination of factors affecting quality in pork, the establish- 
ment of the relationships between carcass measurements and propor- 
tions of different cuts in classes of pork other than barrows and 
gilts, and a continuation of research under way on beef to identify and 
evaluate factors affecting such basie characteristics of meat as its 
tenderness, flavor, and juiciness. Furthermore, development of 
methods for estimating bone and/or muscle in cattle to augment the 
methods of determining body fat should be undertaken, and these 
methods should then be further tested to determine their adaptability 
to other meat animals. ; 

Research on grade standards for all species of meat animals and 
their flesh, to obtain closer correlation between live animal and carcass 
grades, to obtain mere objective measures of quality, and to obtain 
standards that more clearly reflect consumer preferences for various 
qualities of meat, has been recommended by the RMA Livestock Ad- 
visory Committee. 

Present plans include the expansion of fundamental research 


through contracts with commercial research organizations and 











214 AGRICULTURAL RESEARCH AND RELATED SERVICES 


through cooperative agreements with State agricultural experime:| 
stations. 

Application of photographic processes.—The principle of illustra‘ 
ing minimum requirements of beef carcass grade standards by photo 
graphs needs to be tested and applied to grades of other kinds of mea‘ 

Preparation of specifications for re tail cuts of meat.—A great deal 
of confusion exists in the retailing of meats because of the many var) 
ing styles of cutting and trimming employed. Federal specifics itions 
for retail cuts of meat would provide greater satisfaction among 
consumers. To formulate such specifics tions would require a con- 
siderable amount of research to ascertain the various cutting methods 
employed in different parts of the country. Considerable time and 
effort would be required to prepare specifications and illustrations of 
the various cuts. 

The results of the studies conducted with RMA funds will be inte 
grated into the regular work on grade standards and the Federal! 
meat-grading service as they are developed. 


PREPACKAGING OF ANIMAL AND Pouutry Propvucts 
(PMA-BAI-OES—RM: a—c—457—Federal-State—RMA Funds) 
\. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improved methods of prepackaging animal ai 
poultry products and to expand sales by quality improvement ‘snd 
simplified shopping convenience for consumers. The current work 
is particularly concerned with: (1) Determining the comparative 
cost or efliciency of using known alternative packaging techniques, 
materials, facilities, and equipment ; and the development of new or 
improv ed techniques, materials, facilities or equipment; (2) dete: 
mining the effect of wrepatieieing meat and poultry product upon 
per capita consumption of different kinds and cuts of meat; (3) devel 
oping or selecting the combination of packaging materials, packaging 
conditions, and stor: age conditions which are commercially applicable 
and which will best maintain the quality of prepackaged fresh o1 
cured meats; (4) developing quality control measures utilizing obje 
tive measurements of Gunite al or physical properties or microbi 
logical conditions of prepackaged meats; and (5) determining thy 
consumer acceptance for animal and poultry sivcdiaeha prepared 
different ways and packaged in different sizes, types, and designs of 
containers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-457-1—Improving the methods of prepackaging meat and 
poultry products by self-service food stores. To develop more efficient 
methods of prepackaging meat and poultry products and to assist 
retailers in adopting them, and to determine the consumer acceptance 
and demand for these prepackaged products. 

RM: c-457-2—Developing methods of prepackaging retail cuts 0! 
fresh and cured meats so as to preserve quality. To select or develop 
the combination of packaging material, packaging conditions, and 
storage conditions which are commercially applicable and which wi!! 
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best maintain quality of prepackaged fresh or cured meats, and to 
develop quality control measures in which are utilized objective 
measurements of chemical or physical properties or microbiological! 
conditions of prepackaged meats. 

RM: c-451-3—Improving the methods of prepackaging meats, 
poultry, and related products by packers and processors. To develop 
more efficient methods of prepackaging meat and poultry products and 
to assist meat and poultry pac kers and processing plants in their 
adoption, and to determine the consumer acceptance and demand for 
these products. 

RM: c+4574A—Color retention, consumer buying practices, and 
establishment of production standards for repackaging meat. ‘To 
develop methods for retaining desirable maximum color and quality in 
prepackaged meats by analyzing conditions influencing color and 
quality changes in packaged meats; to evaluate consumer buying 
practices as they may influence the merchandising of prepackaged 
meats and to est: ablish standard rates of production for various func- 
tions and operations in prepackaging meat or meat products. 


CG. UISTORY AND EVOLUTION OF THIS WORK 


This research project was started in 1948 in response to the diffi- 
culties encountered by meat retailers in attempting to prepackage 
meat and sell it on a self-service basis. Retail food stores were in- 
terested in converting their meat departments to a self-service basis 
along with the general trend to self-service retailing previously 
extended to dry groceries. However, meat and related products were 


more difficult to adapt to the self-service method of retailing because 
they were highly perishable and because they had to be packaged 
in visible-type containers. Serious problems soon became apparent 
which centered chiefly around the high cost of packaging materials, 
inefficient packaging techniques, and need for rewrapping many cuts 
of meat due to discoloration or quality degradation. A survey of 
the experiences and problems confronting the industry was first under- 
taken and special studies are now underway designed to develop 
improved methods of prepackaging and merchandising meats. As 
technological difficulties are overcome it is planned to expand market- 
ing research studies in the direction of developing methods of cen- 
tralizing the meat packaging operation in order to achieve material 
reductions in the cost of retailing of animal and poultry products. 

Part of this work is being conducted through a 4-year contract 
which the Bureau of Animal Industry has effected with a State agri- 
cultural experiment station. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 


Production tae 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Basic information concerning the best available methods of pack- 
aging and merchandising prepackaged meats was developed under 
this project and has been widely used in the industry.—Since 1948, 
the number of retailers merchandising prepackaged meat on a self- 
service basis has grown from practic ally zero to 2,000 stores by mid- 
1950. The adoption by many of these retail stores ‘of specific methods 
of prepackaging and merchandising prepackaged meats was guided 
and assisted by the findings in this research project. Basic informa- 
tion was obtained by surveying and analyzing methods and practices 
in packaging and merchandising prepac kaged meats, and this infor- 
mation was then distributed in published form. Requests for copies 
of this information, together with published comment in trade jour- 
nals, offer evidence of the effect of this information in securing the 
adoption of preferred types of merchandising practices, efficient labor 
utilization practices, and the commercial use of the most effective types 
of packaging material and equipment. 
he present work toward dsesiovatent of more durable transparent 
plastic films for prepackaging meat and poultry products may be 
credited in part to a current research study which determined the 
extent, cause, and cost of rewrapping prepackaged meat and poultry 
products and revealed the unnecessarily high expense of rewrapping 
many products due to breakage of transparent film. 


F. SOME ADDITIONAL WORK NEEDED 


Inasmuch as there were only about 2,000 stores retailing prepack- 
aged meats by mid-1950, accounting for less than 5 percent of the 
total meat distributed, it is obvious that this development is yet in 
the experimental stage even under present commercial conditions. 
The potential economies of reduced labor expense have failed to 
materialize to any great degree to date, due to the need for develop- 
ment of more efficient methods and practices in cutting, prepackaging, 
and merchandising these products. Motion and time studies are 
urgently needed to develop less costly ways of cutting and wrapping 
prepackaged meat. Improvements in extending the shelf life of pre- 
pac kaged fresh meat and poultry products indicate the possibility 
of transferring the cutting and prepackaging operation to some cen- 
tralized point in the m: irketing system which offers further potential 
economies by reducing the retailing margin. 

Continued research is needed to ‘develop methods of prolonging the 
shelf life of prepackaged animal and poultry products in order to 
reduce the expense of rewrapping and reconditioning these products 
as well as to obtain greater consumer acceptance. 

The impact of self-service retailing of prepackaged meats upon live- 
stock production has not yet been ascertained. There has been some 
indication that consumer buying habits have changed when they pur- 
chase meat on a prepackaged self-service basis (greater sales of variety 
cuts and reduced sales of hams, for ex xample). The RMA Livestock 

\dvisory Committee has strongly rec ommended further research in 
this field, to measure the effect of prepackaging on the per capita 
consumption of various meat and poultry products, as well as research 
designed to develop more efficient systems for prepackaging meat. 
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Price, Supepty, AnD ConsuMPTION ANALYsIS FOR Farm Propucts 
(Meat ANIMALS) 


(BAE—A-2-7—Federal—Regular Funds; BAE-OES—RM: c-33—Federal- 
State—RMA Funds) 


(The discussion of line projects and expenditures on project RM: c-33 in this 
and other commodity chapters covers only work done by BAE. A general sum- 
mary statement for this project, in ch. 27, Prices and Income, summarizes not 
only the research and expenditures of BAE but also shows expenditures of OES 
and lists OES line projects carried out through State and Territorial experi- 
ment stations.) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the oe and prospective economic position 
of meat animals and meat; (2) determine, and measure the factors 
influencing changes in me ad and meat animal production, prices, 
marketing, and consumption; and (3) make available through regu- 


lar publications and on special request the results thereof to farmers 
and the general public. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-1—Analysis of current situation and outlook for meat ani- 
mals and meat. ‘To appraise the current and prospective economic 
position of meat animals and meat; to carry on the statistical and 
analytical work necessary thereto, and to make the results available 
through regular publications and on special request to farmers, Gov- 


ernment agencies, and the general public. This line project includes 
the periodic preparation and publication of the Livestock Situation. 

A-2-7-18—Wholesale and retail prices of meats. To compile and 
prepare selected series of aggregate average prices of beef, lamb, and 
pork separately, and for all meats combined, at wholesale and retail 
price levels. 

RM: c—33.11—Analysis of factors affecting production and price 
of meat animals and meats. To determine and measure the factors 
influencing changes in meat and meat-animal production, prices, mar- 
keting, and consumption. The study would attempt to explain and 
measure the factors affecting the demand for meat (in total and sep- 
arately for pork, beef, and lamb) ; to isolate and measure the factors 
affecting the prices of meat (total and by kinds) and meat animals; 
to learn the effect of changes in relative supplies of the different me: its 
upon the relative prices and to find and measure the factors influenc- 
ing the production of meat (total and by kinds) and meat animals. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See the summary of this entire project in ch. 27, Prices and 
Income.) 

Funds for fundamental research in price, supply, and consumption 
analysis were made available by the Research and Marketing Act of 


1946 and the specific RMA line project was recommended by the 
Livestock Advisory Committee. 


78552—51—-vol. 1—_—-15 
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D. FUNDS-——ANNUAL EXPENDITURES 


The cost of regular projects on meat animals and meat during the 
fiscal year 1950 was approximately $15,000; approximately $10,000 
of RMA funds was also expended. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Under regular funds 

An outstanding report in this field is Trends in Production and 
Foreign Trade for Meats and Livestock in the United States published 
in 1941, as Technical Bulletin No. 674. Fundamental price analysis 
was developed in two bulletins, Factors Affecting the Price of Hogs 
(1926) and Factors Relating to Lamb Prices (1927). During the 
1930’s considerable assistance was furnished to action agencies in the 
form of basic data and analyses relating to programs. For example, 
data were collected on the number of livestock produced and the quan- 
tity of meat produced under Government emergency programs in the 
drought years 1934 to 1936. Before and during World War II, at- 
tention was given to the problems of maintaining livestock production 
to meet wartime needs. Records of developments in those years were 
kept and some were published in official publications, such as the re- 
port, Meat Produced by Quarter Years, 1941-47. The Livestock and 
Meat Situation for February 1950 was accompanied by a statistical 
appendix containing 36 specially prepared tables relating to live- 
stock numbers; livestock slaughter; meat production and consump- 
tion; prices and income; foreign trade; index numbers of seasonal 
variations; and meat production and distribution by quarter years. 


Under RMA funds 


The work on meat animals and meat under the RMA projects has 
resulted in several short reports which have been published in various 
issues of the Livestock and Meat Situation. These reports have dealt 
with (1) prospects for future prices of hogs and corn as the guides to 
prospective profits from hogs; (2) the pig crop as an indicator of pro- 
spective hog numbers; and (3) the productive level of the cattle herd. 


F. SOME ADDITIONAL WORK NEEDED 


The principal needs are, first, to complete work already begun on 
factors affecting the supply of pork, and, second, to undertake similar 
analyses on factors affecting the supply of beef. Analyses of this type 
should have very considerable importance during defense periods 
when needs for meat are likely to be very great. 


MEASUREMENT OF Costs AND Marcins In MARKETING Farm Propvucrs 
(Livestock AND Mzar) 
(BAE—RM: c-163—Federal-State—RMA Funds) 
(Related work in this project is discussed in other commodity chapters and in 
ch. 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing livestock and meat and 
to analyze factors affecting margins; thereby to provide the basis for 
suggesting ways and means of bringing about more efficient and 
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orderly marketing, and reducing the price spread between the pro- 
ducer and the consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-163.1 (BAE)—Farm to retail margins for livestock and 
meat. A study to determine over-all margins for meat, at selected 
price levels, together with a breakdown of those margins for perform- 
ing the principal marketing and processing functions involved. The 
study also attempts to explain the probable effects of changing levels 
of prices on the breakdown of the principal marketing and processing 
margins, ) 

RM: c-163.1—A study of livestock auctions in Georgia, their 
operational procedures, volume, and service charges. (This study 
is being made by the Georgia Agricultural Experiment Station.) 

RM: c-163.18—F actors influencing margins in retailing meat; State 
cooperation. A study to determine practical methods of measuring 
margins taken for retailing the different kinds of meat, by different 
types of retailers, and under different merchandising methods and 
economic conditions; and to determine the importance of the principal 
factors affecting retail margins for meat. 

On this retail meat study, cooperation was established with 18 retail 
meat dealers in Harrisburg, Pa., for an intensive study of their opera- 
tions. The study will cover four consecutive weeks during each quar- 
ter throughout a year or more. Three quarters have been completed 
and the records tabulated. A more extensive type study, conducted in 
Topeka, Kans., in cooperation with the Kansas Agricultural Experi- 
ment Station, and in Raleigh, N. C., and Bridgeport, Conn., with 30 
retail meat markets has been completed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


These studies are part of a broad program of research into analysis 
of marketing margins and costs which has been under way nearly a 
decade. The over-all program has dealt with marketing and proc- 
essing margins and costs of a number of the most important agri- 
cultural commodities. At the outset of World War II this program 
of research was given impetus, with wartime price programs empha- 
sizing the long-existing need for more information on marketing 
margins and costs. More recently the Department was directed to 
make studies of this general type by the Research and Marketing Act 
of 1946. 

D. FUNDS—ANNUAL EXPENDITURES 


_ The cost of the RMA projects on costs and margins in marketing 
livestock and meat undertaken by BAE during the fiscal year 1949 was 
$17,400, and in 1950, $44,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Two reports, Farm-to-Retail Margins for Livestock and Meat and 
Margins for Marketing Livestock From Farms to Slaughtering Plants 
and Feedlots, were published, containing results obtained under 
project RM: c-163.1. Among other things, the reports show, for the 
first time, distribution of the consumer’s dollar spent for meat among 
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producers and those performing marketing functions. The reports 
also include information on the more important cost factors in market- 
ing meat animals and meat, relationships between weights and prices 
of various cuts of me: its, and aver age relationships of prices of retail 
cuts of meat to live animals. 

Information was obtained under studies 163.la and 163.18 which, 
combined with further results in the future, will reveal where econo- 
mies may be made in the cost of marketing livestock and meat under 
given conditions. 


F, SOME ADDITIONAL WORK NEEDED 


Particularly in the area of meat distribution, considerable research 
in costs and margins in marketing livestock and meat is needed. Most 
previous livestock research has been focused on problems of production 
and marketing of the live animal and relatively little attention has 
been given to meat. Since the wholesaling and retailing functions 
usually absorb about two-thirds of the farm-to-retail price spread, it 
is in the area of meat distribution that the greatest savings might be 
accomplished through improved marketing efficiency. Such research 
should emphasize ‘study of the distribution functions from the 
slaughterer of meat animals through the wholesaler to the consumer. 
Other areas in the field of costs and margins of livestock and livestock 
products also need further and more detailed study. 


CROSS REFERENCES—-MARKETING 


For additional information especially pertinent to subjects reported 


on in this chapter, see also: 


BAE—A-2-1, chapter 38, monograph on production and price-supporting pro- 
grams for fats and oils. 

BAE—A-2-7, and BAE, OES—RM: c-33, chapter 11, price, supply, or consump- 
tion ans alysis for fats and oils. 

BAE—A-2-16.1 to 24.1, chapter 26, research and analysis for serving current 
requests. 

BAE, OES, BHNHE—RM: c-31, chapter 11, consumer preference studies on 
fats and oils. 

BAE—RM: c—205 and A-2-16, chapter 26, marketing practices. 

BAI—b-l, chapter 35, import-export inspection and quarantine. 

BAI—Control of miscellaneous animal diseases and interstate inspection, 
chapter 35. 

BAI—Meat inspection, chapter 35. 

EXT—RM: c-95, chapter 37, marketing education on hogs and cattle. 

EXT—RM: c-—211, chapter 37, marketing education on livestock and wool. 

OFAR—Chapter 23 (especially RM: c-2 and RM: c—544), foreign activities. 

PMA, FCA—RM: c-75, chapter 36, improved market facilities, etc. 

PMA, BAE—RM: c-133, chapter 34, grading and inspection of beef. 

PMA—RM: c-382, chapter 11, outlets for oilseeds, fats and oils, etc. 

PMA—RM: c-430, 481, 432, chapter 36, marketing service programs. 

PMA—Freight rates for farm products, chapter 19. 

PMA—Grades and standards for livestock and meat, chapter 34, 

PMA—Packers and Stockyards Act, chapter 35. 

Chapter 32 for reports on crop and livestock estimates. 

Chapter 33 for commodity market news service. 





DAIRY 
Chapter 2—Part II 


Foreworp 


The statements which make up this chapter cover research which 
affects the production, utilization, and marketing of dairy products. 
Work reported on in the ree field relates to the breeding, feed- 


ing, and management of dairy cattle; that in the utilization field to the 
use and manufacture (including searches for wider outlets) of such 
dairy products as milk, cheese, and ice cream; that in the marketing 
field to services and practices that will improve and make more effec- 
tive the distribution of dairy products. 

At the end of each of the major sections of this chapter—production, 
utilization, and marketing—are cross references to project statements 
in other chapters which include at least some work concerning dairy- 
ing and dairy products. 
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A. PRODUCTION 


OUTBREEDING AND LINEBREEDING HOLSTEINS 
(BDI—a-2-1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to explore different systems of 
breeding dairy cattle in order to determine which is the most prac- 
tical for achieving high production. Both inbreeding and linebreed- 
ing have been advocated by breeders as a means of achieving uniform- 
ity in type and producing ability, but these methods from a practical 
standpoint, limit the dairyman in his selection of sires. Outbreeding, 
on the other hand, does not have the limiting factor of sire selection 
and if successful allows breeders much wider latitude in their breeding 
operations. The current work is concerned with the comparative 
results of linebreeding and outbreeding. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-2-1-1—Relative value of linebreeding and outbreeding for 
achieving high production. To determine the best practical breeding 


program to follow in improving milk and butterfat production and 
persistency of that production in Holstein cattle. Such determina- 
tions applied by dairymen would result in more milk and butterfat 
from fewer cows with a corresponding increase in the net return to 
the dairy farmer. 

a—2—-1-2— Effects of linebreeding and outbreeding on growth and 
deve ae of dairy cattle. Breeding methods that will bring about 
large size, vigorous growth and development, and early maturity will 
result in bringing females into production earlier, requiring fewer 
females for replacements, and lower the overhead costs of production. 

a-2-1-3—-Etfects of linebreeding and outbreeding on inheritance 
of type, color pattern, and abnormalities. Linebreeding, i in addition 
to its possibilities of developing more uniformity, may bring out some 
recessive genetic characters. ‘These may show up as abnormalities, 
unwanted color patterns, and also as desirable characteristics. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Breeding experiments with registered Holsteins were started in 
1918, although an intensive inbreeding experiment with grades, using 
Holstein bulls, had been under way since 1912. Prior to the inaugura- 
tion of this work no definite experimental work had been conducted 
to explore the laws of heredity governing the transmission of produc- 
tion factors in dairy cattle. Inbreeding v was used in the early develop- 
ment of various breeds because of the limited number of desirable 
animals available, but the practice frequently resulted in serious de- 
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cline in size and lowered the producing and a ability of the 
inbred generations. This project was established to compare out- 
breeding and linebreeding, using the same foundation stock and main- 
taining controlled environmental conditions. This had to be set up 
as a long-time research program because of the time required per 
generation in dairy cattle. While plant breeders, using self-fertili- 
zation, can bring about the required uniformity in about 6 generations, 
brother-and-sister matings in cattle (which is close inbreeding) re- 
quire about 17 generations to achieve the same theoretical genetic 
uniformity. 

From the original foundation herd of females a succession of seven 
unrelated sires has been used for the outbreeding phase. Sons of these 
sires have been used for the linebreeding work, usually in a nephew- 
to-aunt relationship, and when the sires lived long enough they were 
bred to their own daughters for relatively close inbreeding. 


D. FUNDS-—-ANNUAL EXPENDITURES 


It is estimated that annual expenditure of funds on this project 
from 1918 to 1942 ranged from about $25,000 to $50,000 with an 
average of about $40,000. From 1948 to 1950 the average was $59,000, 
and for the fiscal year 1950 it was $85,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENT 


Outbreeding and linebreeding appear to be equally effective-—There 
is no indication that linebreeding is more effective than outbreeding in 
fixing the characters for a high level of milk and butterfat production. 


Starting with the same foundation stock, the Bureau has produced 175 
outbred females and 60 linebred females. The outbred females are 
the progeny of six different proved sires that were unrelated, and the 
linebred females are the progeny of five sons of the proved sires. The 
linebred relationship was usually that of nephew to aunt. Calcu- 
lated to a mature-age basis, the average production of the 175 out- 
breds was 20,556 pounds of milk and 775 pounds of butterfat; the av- 
erage for the 60 linebreds was 20,001 pounds of milk and 756 pounds of 
butterfat. 

Butterfat test in Holsteins can be increased by the use of selected 
sires.—In a study of the Holstein project at Beltsville it has been shown 
that the use of a succession of sires selected for their ability to transmit 
higher butterfat test to their daughters results in a higher testing 
herd. No selection has been made against low test, but the resulting 
average butterfat test has been increased from 3.4 percent in the foun- 
dation herd to better than 3.8 percent in the herd today. This is 
of practical value to Holstein breeders as there is discrimination 
against low test, especially for fluid-milk markets. 

Study of Holstein birth weights.—First gestation calves averaged 
10 pounds lighter than second gestation calves. Heifer calves tended 
to be about 5 pounds lighter than bull calves. Outbred bull and 
heifer calves were heavier than linebreds, and the linebreds were 
heavier than the inbreds. 

Length of gestation in Holsteins.—The generally accepted gestation 
tables in use today assume 283 days to be the average. In the Belts- 
ville herd this figure is not borne out. The average found was 278.4 
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days. The gestations gradually increased in length from an average 
of 277 days for the first to 282 days for the ninth. Heifer calves were 
carried about a day less than the bull calves. 

Sew-ratios—In a study of 1,287 parturitions in the Holstein herd 
the ratio was 119 males to 100 heaisaben. This is considerably at vari- 
ance with the generally accepted ratio of about 105 to 106 males per 
100 females. 


F. SOME ADDITIONAL WORK NEEDED 


Among dairy cattle breeders there is a persistent lack of apprecia- 
tion of the value of outbreeding for herd improvement, despite ise fact 
that many breeders have experienced the usefulness of outbreeding in 
the early development of their herds. The tendency is to proceed with 
a linebreeding program after the initial introduction of a prepotent 
sire not related to the foundation females. This has a restricting or 
limiting influence on the future herd improvement, although there are 
some instances where linebreeding has succeeded very well. However, 
the selection of sires is limited where linebreeding is adopted. 
Artificial breeding offers only limited opportunities to carry on a 
linebreeding program, and as a result many breeders have refused to 
avail themselves of this method of breeding. It is important that 
dairy-cattle breeding research along these lines be continued and ex- 
panded, in order that dependable information may become available 
to guide breeders in their future operations. Because of artificial 
breeding many more dairy farmers are fully conscious of the oppor- 
tunity to improve their stock by use of better sires, and breeding re- 
search helps to guide them, and stimulate this interest ; and it affords 


the means for teachers and extension workers to induce more dairy- 
men to subscribe to artificial breeding by enabling them to offer posi- 
tive proof of results which follow the use of good sires such as are 
available in artificial-breeding studs. 


OUTBREEDING AND INBREEDING JERSEYS 
(BDI—a-2-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


High milk and butterfat production has long been the goal of dairy 
cattle breeders, because many studies have shown that higher pro- 
ducing cows are more profitable than lower producers. With Jersey 
breeders it has long been the belief that fairly close breeding, such 
as linebreeding (a mild form of inbreeding), tends to develop more 
uniformity in type and producing ability than would result from the 
mating of unrelated animals. The current work is concerned with the 
comparative results of inbreeding and outbreeding, when sires of 
known transmitting ability are used. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—-2-2-12—-Relative effects of inbreeding and outbreeding on yield 
and persistency of milk production. To determine the most practical 
breeding program for improving milk and butterfat production and 
the persistency of production, in Jersey cattle. 
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a-2-2-13—Relative effects of inbreeding and outbreeding on growth 
and development, and on breeding efficiency. Improvement in any of 
the above factors will result in the possibility of bringing females into 
production earlier, requiring fewer females for replacements, and thus 
lowering the ov erhead costs of production. 

a-2-2-14—Relative effects of inbreeding and outbreeding on in- 
heritance of type, color pattern, and abnormalities. Inbreeding, in 
addition to its possibilities of developing more uniformity, brings out 
recessive genetic characters. These may show up as lethal characters, 
abnormalities, undesirable color or color patterns, and sometimes as 
very desirable characteristics. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Up to the time breeding experiments with registered dairy cattle 
were started in the United States Department of Agriculture in 1918, 
there had been little definite research to explore the laws of heredity 
that govern the transmission of milk and butterfat yields. There were 
many different theories on the subject that were being followed by 
breeders. Early breeders used close inbreeding extensively as an aid 
in fixing desired characters, Inbreeding may be of value in the early 
stages of breed dev elopment, but as genetic uniformity i is approached 
through inbreeding there is a tendency toward loss in vigor that may 
be expressed i in decreased production, size, and vigor of fertility and 
constitution. On the other hand outbreeding, while avoiding these 
depressing effects, was supposed, to result in more variability in pro- 
ducing ability and type. These were the two extremes of thought 
that led to the inauguration of this project, and neither theory had 
had the benefit of experimental work in which sires of known trans- 
mitting ability were used. 

One of the major problems in conducting breeding research with 
large animals is the time required per gener ation. Inj plant breeding, 
for example, 6 generations of self- fertilization are expected to bring 
about the required uniformity of characters. For brother and sister 
matings with cattle, about 17 generations would be required to achieve 
the same amount of uniformity genetically, with about 3 years per 
generation. For less close inbreeding, such as parent to offspring or 
cousin matings, more generations would be required to achieve the 

same result. Most of this work to date has been exploratory in the 
field of breeding patterns, and the results serve as a guide for future 
breeding reses rch. 


D. FUNDS—ANNUAL EXPENDITURES 


The estimated expenditure on this project ranged from $15,000 to 
$40,000 from 1918 to 1942, with an average of about $35,000. Since 
1943 the ave rage annual cost has been about $50,000, and for the fiscal 
year 1950 it was $59,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Inbreeding results in lowered production—In the Jersey herd the 
outbreds produced, on the average, on a mature-equivalent. basis, 
13,628 pounds of milk and 745 pounds of butterfat; the linebreds 
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(intermediate between outbreds and inbreds) averaged 12,741 pounds 
of milk and 691 pounds of butterfat; and the inbreds averaged 12,800 
pounds of milk and 652 pounds of butterfat. 

Inbreeding reduces birth weight and rate of growth—The birth 
weight of calves decreased as inbreeding became more intense. The 
mortality of the calves after birth was greater with the inbreds than 
with the outbreds, indicating a possible loss of vigor. Intensive 
inbreeding appears to depress the rate of growth of calves, and weight 
of the mature inbred cows was considerably below that of the outbreds. 

Breeding efficiency in the Jersey herd—Sires showed a gradual 
decline in breeding efficiency with advancing age. After the first 
gestation, which required somewhat more services per conception, 
age had little apparent effect upon the breeding efficiency of the cows. 
Bulls over 5 years of age showed a distinctly higher number of services 
per conception than did young bulls when bred to heifers being bred 
for their first gestation. Young bulls that were bred exclusively to 
virgin heifers proved even more efficient than the whole group of 
young bulls. Breeding efficiency of the cows was not appreciably 
affected by length of the calving interval. More services were required 
for conception during midsummer, followed by a sharp decrease in the 
fall. There was no evidence that any of the factors studied influenced 
the sex ratio of the offspring. All of these findings have a definite 
application to the present-day operation of artificial breeding, where 
mature proved bulls are used for a high proportion of the cows bred. 

Rate of growth and its relation to mature size—Statistical studies 
have been made to determine rates of growth from birth throughout 
the lifetime of the animals. From these studies growth tables have 
been developed showing the effects of pregnancies, etc. With 
these tables it is possible for dairymen to determine if their animals 
are making satisfactory growth and if not to take steps to adjust their 
methods to correct the situation. 

Some inbreeding results with grade Holstein cattle —An inbreeding 
experiment with grade Holstein cattle was carried on at Beltsville 
from 1912 until 1945. Through the use of closely bred sons and grand- 
sons of the original foundation sire, Johan Woodcrest Lad llth, a 
high degree of inbreeding was maintained during the course of the 
experiment. ‘The results indicate that intense inbreeding has very 
little practical value as a means of improving dairy cattle because of 
the loss of size, producing ability, and reproductive performance. 
Even though the decline in milk production was rather gradual until 
the sixth generation of inbreeding, there was no other marked 
improvement in the inbred stock, and it is doubtful if they had any 
unusual value for combining with other inbred lines. 


F, SOME ADDITIONAL WORK NEEDED 


Inbreeding results with dairy cattle thus far are inconclusive, and 
the lure of this method of breeding to bring about improvement still 
exists because it has been employed so successfully by plant breeders. 
The need exists for additional breeding trials to determine whether 
inbreeding has any application at all in improving dairy cattle, or 
if there is some value in a limited application of this method to 
ordinary dairy cattle breeding practice. 
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Improvine Propucrion or Datry Herps sy Usine Proven Sires 
(BDI—a-2-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the possibilities of improving the milk-and-butterfat 
producing ability of dairy cattle by the continuous use of unrelated 
production-proved sires, Prior to 1918, when this project was started, 
it had been noted that certain sires appeared to have daughters that 
were better producers than their dams. Others had daughters that 
were poorer producers. The plan of the experiment was to use un- 
related desirably proved bulls in a selected foundation herd of females, 
and thereafter, without selection in the female line and with controlled 
environmental conditions, to continue to use proved bulls in the herd 


to determine if the inheritance for production could be increased to a 
high level and held there. 


B. CURRENTLY ACTIVE LINE PROJECTS 


(No separate line projects.) 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1918, when this project was inaugurated, the proved-sire breed- 
ing procedure was ats a genetic theory. On the theory that char- 
acters for milk, butterfat production, and butterfat test were inherited 
from both parents, it was postulated that if this theory could be 


applied in a research experiment under controlled conditions it would 
be proved true or false. Observations had shown that some sires 
transmitted fairly uniformly higher production characters to their 
female offspring than was expressed by the dams of those daughters. 
Such sires were located and used in sequence in the herds at Beltsville 
and the various field stations. The program of continuous use of 
production-proved sires has been followed without change at Belts- 
ville. 
D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this project are estimated at $50,000 to $80,000 
yearly from 1918 to 1942, with an average of approximately $75,000. 
They have averaged about $110,000 yearly from 1943 to 1950. The 
cost for 1950 was $135,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Practical application of the proved-sire project—One of the Bu- 
reau’s contributions to better dairying in the early part of the last 
25-year period was the introduction of the proved-sire system of 
breeding. The proved sire is now recognized as the most important 
factor in any breeding program and much of the rapid growth and 
success of the artificial-breeding movement during the past 10 years 
can be attributed to the fact that it afforded dairy farmers an epee 
tunity to breed their cows to good proved sires. Artificial-breeding 
organizations now provide breeding service for over 10 percent of the 
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Nation’s dairy cows, and nearly 3,000,000 will be bred artificially 
this year. 

Beltsville Jersey herd shows consistent improvement as indicated 
by the fairly steady increase in the average butterfat production per 
cow, and also by the increasing percentage of high- producing cows 
and the decreasing percentage of low producers i in successive genera- 
tions. The foundation herd of 22 cows averaged 608 pounds of ‘butter- 
fat, while the 38 cows in the fifth generation average 789 pounds. 

In the first half of the experiment, 66.7 percent ‘of the cows were 
below 700 pounds of butterfat and only 33.3 percent were above that 
level. In the last half of the experiment to date (third, fourth, and 
fifth generations), only 27.8 percent of the cows fell below the 700- 
pound mark and 72.2 percent were above that level. 

Improvement in producing ability of Beltsville Holstein herd.— 
Steady i improvement in the producing ability of the Bureau of Dairy 
Industry’s Holstein herd at Beltsville is being made through the con- 
tinuous use of production-proved sires. A measure of this improve- 
ment is obtained by averaging the highest production records of all 
the cows that are still in the herd on July 1 of each year. Since no 
selection is practiced, this average figure indicates the progress that 
is being made in improving the producing ability through this system 
of breeding. 

On July 1, 1926, there were 25 cows in the herd that had completed 
one or more lactation records. The highest records of these cows 
averaged 18,936 eo of milk and 672 pounds of butterfat, with an 
average test of 3.55 percent. On July 1, 1947, there were 59 cows in 
the herd that had completed one or more lactation records. Their 
highest records averaged 22,413 pounds of milk and 874 pounds of 
butterfat, with an average test of 3.91 percent. The yearly increase, 
which has been fairly consistent for 20 years or more, is due to the 
accumulation of good germ plasm from a series of production-proved 
sires. 

The effectiveness of the proved-sire system of breeding for increased 
milk production is evident in the results obtained by the Bureau of 
Dairy Industry with Holstein cattle at its Huntley, Mont., field station 
over a 28-year period. 

The 16 foundation cows were a highly selected group, with an aver- 
age production of 17,524 pounds of milk and 601 pounds of butterfat. 
The average production of the 183 female descendents of the founda- 
tion cows and the 10 sires was 17,491 pounds of milk and 629 pounds 
of butterfat. In view of the fact that the 183 descendants were an 
unselected group, their average production is remarkably good as 
compared with the production of the 16 selected foundation cows. 
Many of the daughters in the later generations, which carried 5 or 6 
proved-sire crosses, have produced more than 700 pounds of butterfat. 
All cows were milked three times a day for 365 days, and the records 
were converted to a mature-age basis. 

A survey was made of Holstein Friesian herds to determine the 
effect of the Huntley bull-loaning program on the Holstein cattle 
industry of Montana. There were 46 active breeding herds in the 
State comprising 2,011 head. Forty-six percent of the herds and 
forty-eight percent of the cattle were largely the result of using 
Huntley station sires. 
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F. SOME ADDITIONAL WORK NEEDED 


The advent and growth of artificial breeding has finally afforded 
a means of applying the proved-sire system of breeding directly in 
the herds of all milk producers to whom the service is available, 
Soundly based information needed to guide this rapidly growing 
movement is not yet entirely available, and there is the possibility 
that research may not be able to keep up with the demand for depend- 
able information needed by such a rapidly growing practice as arti- 
ficial breeding. Research in methods of making early determinations 
of the potential transmitting ability of young sires is necessary as the 
supply of dependably proved bulls is inadequate to supply the demand. 
More knowledge is required to set up specifications as to what con- 
stitutes dependable proof of a bull so that he can be used with com- 
plete reliance. More controlled breeding projects should be started 
in order to concentrate available good germ plasm and thus insure 
a supply of bulls for the future which will meet more demanding 
requirements as the level of production goes up. Studies on inherit- 
ance of resistance to disease and breeding efficiency will only yield 
adequate results when they are conducted under research conditions. 
Today’s material is not of the right quality to furnish data for critical 
studies of this nature. 


VALUE oF Sons or Provep Sires ror DeveLtorinc HigH Propucrion 


(BDI—a-2-4—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This work project is an extension of the one with proved sires (a-2-3, 
Improving Production of Dairy Herds by Using Proved Sires). 
Under that project the value of a proved sire is measured by the pro- 
duction of his daughters as compared with the production of the 
dams of those daughters, under standardized environmental condi- 
tions. Genetically this is only a half measure of a sire’s transmitting 
ability, because only his daughters are involved. In order to more 
nearly complete the assay of a sire’s transmitting ability, it is neces- 
sary to measure the transmitting ability of his sons. 

Because of the large number of females necessary to mate with the 
various sons of proved sires and the large number of female offspring 
required to prove their worth, it was impossible to carry on this project 
in the Beltsville or field station herds. Consequently a cooperative 
arrangement was developed with individual dairymen, State and 
Federal institutions, and artificial breeding associations, whereby their 
herds would be the proving ground for these young bulls through 
their use in such herds and the testing of their unselected female 
offspring for production. 

Basically this is a genetic study into a phase of production inher- 
itance; but if sons of proved sires can be depended on to carry the 
same improved inheritance as their sires, this finding will have a 
tremendous practical application in improving the efficiency of pro- 
duction in the dairy herds in the country. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


(No separate line projects.) 


C. HISTORY AND EVOLUTION OF THIS WORK 





















This project was commenced in 1922, whereas the basic breeding 
projects were started in 1918 and 1919. It was recognized early that 
in addition to exploratory research on the genetic processes concerned 
with transmission of milk and butterfat production, dependence solely 
on measurement through the female line of descent would not tell the 
whole story or have the widest adaptation to the betterment of the 
dairy industry. Since it was not feasible to maintain a large enough 
herd of females to test out the sons of proved sires, cooperation of 
practical dairymen was enlisted in the hope that if the genetic theories 
proved successful the herds of the cooperators would be benefited. 

Because of the favorable results of the Bureau’s work on this project, 
artificial-breeding associations entered with confidence into their pro- 
gram of placing the main emphasis on the use of proved sires where 
available. ‘To supplement the limited supply of such bulls, carefull 
selected young bulls (themselves the sons of desirably proved bulls) 
added to the association studs. This method was used because of 
a shortage of adequately proved bulls, and results in the artificial- 
breeding field have confirmed the Bureau’s findings that carefully 
selected sons of proved bulls usually transmit good production inher- 
itance. In addition, the use of such young bulls brings about a some- 
what higher conception rate. 


D. FUNDS-——-ANNUAL EXPENDITURES 






From 1922 to 1942 the estimated average cost of this project was 
$30,000. It has averaged about $74,000 from 1943 to 1950, with an 
allotment of $65,000 for fiscal year 1950. 












E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 






Sons of Beltsville Holstein proved sires in cooperators’ herds.— 
Information is available on 115 sons of the various Holstein sires 
used at Beltsville and proved in the herds of cooperators. There were 
99 sons of the proved sires used in the outbred phase of the program. 
These sons sired 2,037 daughters whose average production was 12,822 
pounds of milk and 456 pounds of butterfat. This was an increase of 
039 pounds of milk and 26 pounds of butterfat. Eighty-one, or 70.4 
percent of these bulls, sired daughters that averaged better than their 
dams in butterfat. This further demonstrates the value of using 
proved sires continually to develop characteristics for high production 
in dairy herds, and that proved sires transmit desirable qualities to 
their sons as well as to their daughters. 

Sons of Beltsville Jersey proved sires in cooperators’ herds.— 
Eighty-five sons of Beltsville Jersey bulls have been proved in co- 
operators’ herds. They sired 1,596 daughters averaging 8,218 pounds 
of milk and 406 pounds of butterfat. This was an increase of 163 
51—vol 1——16 
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pounds of milk and 22 pounds of butterfat. Of the 85 bulls, 65, or 
78.5 percent, increased the production of butterfat of their daughters 
over the dams. 

Sons of proved sires build high-producing herds.—Since 1926 James 
McGee, of Fredericksburg, Va., has been a cooperator on this project 
and has used only sons of proved Jersey sires from the Beltsville 
herd. In 1928 his herd averaged 243 pounds of butterfat, and since 
then has steadily increased. In the last 10 years the herd average 
has not fallen below 400 pounds. In 1946 the average for 28 cows 
was 481 pounds of butterfat per cow. Five of the six bulls used 
by Mr. McGee showed a substantial increase in the production of the 
daughters over their dams. 

In 1927 J. C. Steiner, a Holstein breeder near Billings, Mont., 
started to use young bulls from the Bureau’s experimental breeding 
herd at Huntley, Mont. Of the seven sons of proved sires used in this 
herd, six of them raised the average production of daughters over 
dams. For several years now Mr. Steiner has had one of the highest 
producing herds in the United States. 

Sons of proved sires prove effective in Montana.—Further evidence 
of the value of using sons of proved sires is shown by the results in 
Montana. There were 96 sons of proved sires that were proved in 
cooperating herds. They sired 1,106 daughters that averaged 11,471 
pounds of milk and 412 pounds of butterfat, an average increase over 
their dams of 905 pounds of milk and 36 pounds of butterfat. 


F. SOME ADDITIONAL WORK NEEDED 


Proving of the transmitting ability of dairy bulls cannot be over- 


emphasized at this time, and there is a pressing need for further 
knowledge on what constitutes dependable proof ona bull. At present 
there is a shortage of proved sires for use in artificial-breeding studs, 
and the future demand will determine the best bull-proving methods, 
and stations should be established for carrying on such work under 
controlled conditions. Careful studies should be instituted to explore 
the possibilities of making early and accurate estimates of the breeding 
value of young sires, and these estimates should be tested out fully. 
Promising genetic material should be given experimental breeding 
tests, and udder palpation and blood antigen work as means of de- 
tecting good transmitters at an early age are deserving of a thorough 
trial. 


DrEVELOPMENT OF Datry Catrix ApAprep To SourHERN ConpDITIONs 
(BDI—RM: b-6—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop strains of dairy cattle that are especially adapted to 
climatic conditions in the southern United States. The domestic 
breeds of dairy cattle have difficulty in adapting themselves to high 
temperatures and therefore do not produce as well in the South as 
they do under the favorable temperature conditions of the North. 
Brahman cattle are known to possess qualities that enable them to 
withstand high temperatures. The current work includes breeding 
investigations, in which imported and domestic breeds of Brahmans 
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are crossed with domestic dairy breeds, to develop strains that pos- 
sess both heat-resistant qualities and high milk-producing ability. 
It is necessary to determine how much Brahman blood is needed to 
furnish the desired heat resistance and then, through breeding, to 
combine heat resistance and milk-producing ability in the crossbred 
strains. 

In addition, work is under way to determine the possibilities of 
developing both heat resistance and milk-producing ability in cross- 
bred animals of the domestic dairy breeds and to determine the possi- 
bilities of developing these qualities in purebred dairy cattle by selec- 
tive breeding. 

Physiological studies are in progress to determine the reaction of 
cattle to climatic factors, such as heat, light, and humidity; and to 
determine the physiological mechanisms involved in climatic adapt- 
ability. This work is conducted in cooperation with the southern 
regional dairy cattle breeding project undertaken by a number of 
the State experiment stations in that region. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-6-1—Crossing Red Sindhi cattle with domestic dairy 
breeds. To determine to what degree heat tolerance and milk produc- 
tion can be blended by crossing. To determine the amount of Red 
Sindhi blood needed to establish effective heat tolerance in the cross- 
breds. To develop improved procedures for measuring heat tolerance. 

RM: b-6-2—Breeding for heat resistance and milk-producing 
ability in domestic breeds. To determine whether cross-breeding and 
selection within inbred and outbred lines of Brown Swiss and Guern- 
seys can be used to develop animals which possess qualities that enable 
them to effectively withstand high temperatures and humidity and 
produce milk profitably. 

RM: b-6-3—Crossing domestic Jersey and Brahman cattle to de- 
velop strains better suited to the environmental conditions of Texas 
and other southern areas. ‘To determine whether the heat and parasite 
tolerant qualities of domestic Brahman cattle can be combined and 
fixed with the high milk-producing qualities of proved lines of the 
Jersey breed for the purpose of producing a dairy cattle of superior 
adaptability to southern conditions, thereby gaining superior capacity 
and economy of production. To determine whether the crossbred in- 
dividuals, as such, have superior merit. To develop better measures 
of heat tolerance and parasite resistance. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The problem of maintaining an adequate flow of milk from dairy 
cows in the extreme South during the hot summer months has made 
dairying in that section an uncertain enterprise, and has resulted in 
an inadequate supply of dairy products for the population of that 
region. Brahman bulls had been used for a long period to improve 
the beef qualities of cattle in this region. It seemed natural that some 
effort should be made to determine what could be done to improve 
milk production by blending milking strains of Indian cattle with 
domestic dairy breeds. 

In 1946 two males and two females of the Red Sindhi breed were 
imported from India. These animals came from a herd developed 
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by the Allahabad Institute, where a breeding program for improving 
milk qualities in these cattle had been carried on for more than 20 
years. These animals form the nucleus of germ plasm from which it 
is planned to introduce heat tolerance into southern cattle. It is 
hoped that more tropical cattle will become available in the future 
to supplement this small beginning. 

One line of work calls for the use of proved Jersey bulls on domestic 
Brahman females assembled from the Brahman herds in Texas. There 
is also the possibility that careful study of heat tolerance qualities 
in registered and crossbred cattle of our domestic breeds might be 
useful in concentrating the existing heat tolerance characteristics by 
selection and planned breeding. All of these methods will be ex- 
plored as the project progresses. 


D. FUNDS—ANNUAL EXPENDITURES 


This project was begun in 1948 with an annual expenditure of 
$62,000. It was $63,000 in 1949 and $87,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Dairy cattle breeding investigations move slowly, and this project 
has not been in operation long enough to have produced much in the 
way of results. Preliminary trials and observations made on Jerseys, 
Holsteins, and some of the crossbred Red Sindhi X Jersey animals 
under natural and experimental conditions have tended to confirm the 
belief that the Indian cattle possess heat-resistant qualities and can be 
used successfully to introduce heat tolerance into our dairy cattle. 


There appears to be a marked difference in the way the animals of 
different breeds and crosses react to the stress of natural or artificial 
heat. The amount of milk and butterfat produced in the early months 
by the first Sindhi < Jersey heifers to freshen has been encouraging. 


F. SOME ADDITIONAL WORK NEEDED 


Fundamental work in the field of physiology is needed in order to 
determine the causes for the severe adverse reaction of cattle to ex- 
posure to prolonged and severe heat stress. Such knowledge will pro- 
vide guidance in formulating and designing breeding practices to 
build up in animals the ability to withstand such stress. Additional 
tropical cattle are needed in order to expand the or igo of 
the project, and provide sufficient animals to take care of the future 
needs of this type of breeding work. In order to project a program 
into the general field of dairy-cattle breeding it will be necessary to 
have available and prove out an adequate supply of bulls which are 
known to transmit the heat tolerance which is being sought, and this 
must be done without sacrificing the ability to produce milk at a 
profitable level. . 

(For work in cooperation with States on regional projects NC-2, 
NE-1, S-3, W-2, see ch. 39.) 
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DEVELOPMENT OF STRALNS OF Dairy Carrie To Insure Hicu Propuc- 
TION FOR THE SMALL DairyMAN IN Dairy SECTIONS OF THE UNITED 
STATES 


(BDI—RM-b-8—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop strains of dairy cattle, or practical systems of breeding 
dairy cattle, which will insure high levels of milk ‘and butterfat pro- 
duction in midwestern dairy herds, particularly in the smaller herds. 
This research includes cooperative projects with the State agricul- 
tural experiment stations of Lilinois, Indiana, Ohio, Minnesota, and 
Wisconsin. 

The current work is concerned largely with the development of ex- 
perimental breeding herds, by various systems of breeding—includ- 
ing cross-breeding—to obtain project animals for comparative studies 
of the different systems of breeding. These studies include the re- 
lation of the system of breeding to growth and development, early 
udder development, and milk and butterfat production. In addition 
studies are being made of the possible relationship between blood 
antigens and producing ability of the project animals, and the pos- 


veer of using this technique to identify superior producing ability 
at early ages. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-8—-1—Evaluation of systems of proved-sire breeding in dairy 


cattle adapted to average farm conditions in the north-central re- 
gion. Under standardized environments representative of average 
farm conditions, to produce experimental animals by various systems 
of proved-sire breeding, to evaluate these systems as a means of con- 
centrating genes for ‘desirable production characteristics in dairy 
cattle, and to determine how these characteristics are transmitted by 
males and fem: iles resulting from each system of mating. 

RM: 2 Effectiveness of reciprocal cressing in blending and 
fixing the desirable dairy characteristics of various families of Hol- 
stein cattle. To develop methods for producing superior strains of 
dairy cattle from which sires can be selected to improve milk-produc- 
tion in dairy herds. 

RM: b-S8-3—Fixation of milk-production characteristics by in- 
breeding. To develop methods for producing superior strains of dairy 

cattle from which sires can be selected to improve the milk-production 
level in dairy herds. 

RM: b-8-4—Crossing sires of the Red Danish breed on dairy 
cattle of the Corn Belt region. ‘To determine the effectiveness of 
crossing the Red Danish sires on dairy cattle of the Corn Belt region 
in increasing their milk-producing efficiency. To study inheritance 
of udder shape, strength of udder attachment, and other physical 
characteristics such as set of legs, body capacity, and shape of rump; 
and to correlate these characteristics with milk-producing ability. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Research in breeding dairy cattle requires extensive facilities, large 
numbers of animals, and adequate funds for feed and labor. Results 
are very slow because of the long time required to develop a single 
generation. For these reasons it has been difficult for the State experi- 
ment stations to conduct long-time experiments in dairy-cattle breed- 
ing. Interest in research in breeding developed rapidly when artificial] 
insemination became an established practice, and the rapid growth of 
this method of breeding has pointed out the importance of a more 
active program of dairy-cattle-breeding research, in order to establish 
a basis for the development of a supply of bulls with genetic back- 
ground to justify their use in artificial breeding. The problem of pro- 
viding a future supply of good transmitting sires has been aggravated 
to some extent by the fact that many herd owners who formerly used 
bulls of their own, which they proved, are now clients of artificial 
breeding studs, which removes them from the field of bull proving. 

With this problem in mind, the Bureau of Dairy Industry submitted 
a regional breeding project to be established under funds from the 
Research and Marketing Act of 1946. The idea was to stimulate in- 
terest in dairy-cattle-breeding research on the part of the State agri- 
cultural experiment stations, and to encourage them to consider co- 
operation with the Bureau of Dairy Industry in undertaking research 
in this field. The North Central Experiment Station group submitted 
a dairy-cattle-breeding project which was accepted as NC-2, and this 
Bureau is working in cooperation with five of the North Central sta- 
tions on this project. 


D,. FUNDS—-ANNUAL EXPENDITURES 


The expenditure on this project was $49,000 in fiscal year 1948; 
$61,000 in 1949; and $88,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


T he first 2 years have been used largely in assembling herds and per- 
fecting plans, but project animals are coming into the cooperating 
herds, and production information is developing on the foundation 
groups. 

The use of udder palpation as a means of evaluating future produc- 
ing ability in the dairy heifer at an early age is one of the procedures 
adopted for use on all pe animals, and this will afford a reliable 


indication of the value of this technique for use in regular dairy- 
cattle-breeding practice. The blood antigen work will also be gen- 
erally applied, and its worth in assessing producing ability will be 
given a thorough trial. 

- As an outstanding accomplishment it might be noted that this is the 
first coordinated large-scale breeding project aside from the Beltsville 
work, where a serious effort is being made to standardize environment 
and management to a degree that will make it possible to interpret 
results in terms of genetics. Cooperation will also yield a much larger 
pool of comparable data than could be had where each station worked 
independently. 
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F. SOME ADDITIONAL WORK NEEDED 


The continued success of artificial breeding depends largely upon 
the quality of sires which are used for this service. Early improve- 
ment may result in many herds where the quality of herd sires has been 
poor in the past, but as the general level of production moves upward, 
and the number of cows to breed expands, the problem of securing 
bulls able to continue the upward trend in average production becomes 
more difficult. Therefore, additional study is required on methods of 
selecting young bulls to assist the proved sires in this work. Expan- 
sion of breeding research is necessary in order to develop basic knowl- 
edge for the guidance of cattle breeders. We also need to know what 
constitutes adequate and dependable proof of a bull’s transmitting 
ability. Thought should be given to proving bulls under controlled 
conditions in order to establish their breeding worth before they are 
used extensively. It is also well to remember that each well-founded 
breeding research project becomes a potential source of good germ 
plasm which can be used in artificial breeding. 

(For work in cooperation with States on regional projects NC-2, 


NE-1, S-3, W-2, see ch. 39.) 
CrossBREEDING INvEsTIGATIONS Wrru Darry CatTrLe 
(BDI—SRF 2-73—Federal—Special Research Fund) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine by actual breeding tests the value of blending the 


desirable qualities of various domestic dairy breeds, and to develop 
a system of crossbreeding which can be applied in the field and used 
as a means of improving the milk- and butterfat-producing ability of 
dairy cattle in herds maintained primarily for milk gare To 


add to the available knowledge of the principles of inheritance as 
they affect size and efficiency in milk production and reproduction, 
and resistance to disease in dairy cattle. The current work involves 
crossing animals of the Holstein, Jersey, and Red Dane breeds using 
well-proved sires in all the mating. The crossbred offspring are 
tested for production under standardized environmental conditions. 
In addition matings are made of crossbred males and females and the 
offspring tested under the same conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


(No separate line projects.) 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in 1939 in order to develop knowledge and 
information needed to intelligently direct a constructive program of 
crossbreeding with dairy cattle. Im many milksheds supplying met- 
ropolitan centers, crossbreeding of dairy cattle is being practiced by 
farmers largely in order to produce milk with a butterfat test de- 
manded by the market. The interest of dairymen in this type of 
breeding was aroused by the demonstrated success of hybrid corn and 
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crossbreeding of swine and poultry. Breeding literature lacked in- 
formation supported by experimental evidence, “and there was a grow- 
ing demand for controlled experiments to supply this need. The 
possibility existed that without sound guidance, promiscuous cross- 
breeding might result in the lowering of producing ability in many 
herds. The use of production-proved sires in interbreed matings 
introduced a new principle into the procedure—that is, the possibility 
of combining the good genes from the different breeds. This practice 
resulted in demonstrating evidence of hybrid vigor in first interbreed 
crosses, and the proved-sire system gives assurance of holding and 
supplementing the large gains made in the first crosses. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The estimated average annual cost of this project from 1939 to 1950 
was $28,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Experimental crossbreeding of dairy cattle is a new development, 
and there are only the data on 1 the Beltsville herd to report. As many 
two-breed combinations as possible were made by the use of Holstein, 
Jersey, Guernsey, and Red Dane females, and proved sires of the 
Holstein, Jersey, and Red Dane breeds. The two-breed group now 
totals 54 females which have completed production records. These 54 
averaged 13,006 pounds of milk and 585 pounds of butterfat when 
milked three times d: aily for 365 days in their first lactation periods. 
On the average this was 2,868 pounds more milk and 143 pounds more 
butterfat than was produced by the dams of these crossbreds. 

Three-breed crosses were produced when the two-breed females 
were mated to proved sires of a third breed. This procedure of de- 
veloping female progeny from hybrid dams did violence to all the 

cautious recommendations for breeding good cattle, but it incorpo- 
rated the sound principle of adding good genes from a proved sire, 
even though he belonged to another breed. Fifty such three-breeds 
have completed production records for an average of 13,586 pounds 
of milk and 605 pounds of butterfat, which is a fairly good increase 
above the level of the two-breed group. 

A few exploratory matings of hybrid to hybrid, using two- and three- 
breed bulls on crossbred dams, have produced eight females that 
averaged 13,266 pounds of milk and 599 pounds of butterfat, which 
is at about the level of all crosses. This e: xperimental work has stimu- 
lated thinking on newer methods of improving dairy cattle, and the 
pattern of breeding followed at Beltsville can be applied i in the field 
wherever artificial-breeding service to proved sires is available. 


F. SOME ADDITIONAL WORK NEEDED 


Since the Beltsville project on crossbreeding was pioneer work, it is 
important that additional trials of ¢ -rossbreeding be made in order to 
firmly establish the usefulness of this system of breeding for cattle 
improvement. Proved sires are used in the development of the cross- 
bred animals on a breed-rotation system, and it would appear that the 
male calves have acquired the genes needed to make them good herd 
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sires. Some effort should be made to test out the ability of such 
crossbred bulls to improve production in dairy herds. Fixation of 
the desired characters assembled in some of the crossbred individuals 
might be attempted by careful close breeding. 


EvatuatTine Breepinc Vauur or DHIA AnrI™MaAts 
(BDI—a-4—2—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To evaluate the breeding value of individual dairy animals, partic- 
ularly sires, and families ‘of animals in the dairy herd improvement 
associations, so that the best breeding stock may be selected for improv- 
ing DHIA herds and also the general dairy cow population. Specifi- 
cally, the work consists largely of obtaining lactation records from 
40, 000 DHIA herds (consisting of more than 1,000,000 cows) and 
processing the data (1) to dev elop and maintain a genealogical and 
production record system, and (2) to compile production records of 
aneghter- and-dam pairs ‘for proving individual sires. Proved-sire 
records of DHIA sires are published and given wide distribution 


among dairymen and dairy leaders for their guidance in the selection 
of breeding stock. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—4—2-1—Methods for evaluating the genetic worth of proved sires, 
sons of proved sires, and brood cows. To i improve the reliability of 


statistical data used in determining the genetic worth of individual 
dairy animals and to develop simple numerical ratings for indicating 
genetic worth. 

a-4-2-2—Breeding value of DHIA sires. To prove dairy sires 
used in association herds by comparing the production records of the 
sire’s daughters with the records of their respective dams. 

a4-2-3—To determine the inherent producing capacity of cow 
families within individual herds. To evaluate the genetic worth of 
individual cow families in association herds to assist dairymen in 
selecting their best breeding stock. 

a42-4: a-42-5: a-42-6: a42- 7; a42-8—Cattle families of 
the Jersey, Holstein, Brown Swiss, Ayrshire, and Guernsey breeds. 
To compile production data on proved sires and families of proved 
sires of the Jersey, Holstein, Brown Swiss, Ayrshire, and Guernsey 
breeds. 

a—4-2-9—Environmental factors that influence production. To 
measure the effects of various environmental influences, such as feed- 
ing, management, etc., on the production records made in DHIA herds 
and to evaluate these effects so that the production records can be 
standardized and made more reliable for proving bulls. 

a—4-2-10-— Adjusting production records to a comparable basis. To 
develop statistical techniques, or to revise techniques now employed, 
for summarizing production data regarding the genetic worth of dairy 
animals to increase their reliability. 

a4-2-11—Effect of proved sires on producing efficiency. To study 
the production level of DHIA herds in which proved sires are used, 
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in order to determine to what extent any improvement in the produc- 
tion of these herds may be attributed to the proved sires. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Organized testing of dairy cows for milk and butterfat production 
and feed consumption began in the United States in 1906. At first 
the production records were used by the association members largely 
as a basis for culling the low-producing cows from their herds and 
for feeding the remaining cows according to their producing ability. 
In 1935, the Bureau of Dairy Industry and the State dairy extension 
services started a cooperative program to use DHIA records for prov- 
ing sires. The greatest emphasis is now being placed on the breeding 
phase of the program. Thus, the association herds now serve as a 
source of improved breeding stock, for improving the inherent produc- 
ing capacity of dairy herds in general. 


D. FUNDS—-ANNUAL EXPENDITURES 


The owners of the association herds pay all the local costs of the 
testing program, which now approximates $3,500,000 annually. From 
about 1916 to 1935, the annual expenditure by the Bureau ranged from 
$1,000 to $15,000. Since 1935, when the breeding phase of the pro- 
gram was established as a Nation-wide sire-proving program, the 
annual expenditure has varied from $15,000 to $266,000 in the fiscal 
year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Age-conversion factors suitable for standardizing DHTA lactation 
records to a twice-a-day milking, mature equivalent basis have been 
developed. These factors are universally used for putting records 
on a uniform standardized basis for comparative purposes. 

The producing capacity of association herds has gradually been 
improved, as herd-improvement practices have been developed. The 
average production per cow in the association herds in 1949 was 8,907 
pounds of milk and 359 pounds of butterfat, as compared with an 
average of 5,430 pounds of milk and 215 pounds of butterfat in 1906. 
Not all of the improvement indicated is due to breeding alone, since 
improved practices in culling and feeding have also contributed to 
the improvement. 

Improved sires are being developed in association herds.—More than 
30,000 sires have been proved in association herds. Through the 
years the average production of the dams and their daughters by the 
bulls being proved has gradually increased. Each year the average 
breeding worth of the sires being proved has increased. The sires 
proved in 1938 were mated to dams averaging 364 pounds of butterfat 
and their daughters also averaged 364 pounds of butterfat. The sires 
proved in 1949 were mated to dams averaging 393 pounds of butterfat 
and their daughters averaged 397 pounds of butterfat. 

Outstanding sires selected for service in artificial breeding associa- 
tions.—The data on DHTIA proved sires are used by artificial breeding 
association committees to select outstanding sires for artificial breed- 
ing service. Practically all the 2,104 sires in artificial breeding service 
were selected on the basis of DHTA proved sire data on the individual 
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sires or on their ancestors. Of the 2,104 sires in service, 36.1 percent, 
or 760 sires, now have 5 or more daughters each, which have an average 
butterfat production of 436 pounds. 

Improvement in the general dairy cow population, some of which 
can be eredited to the influence of the Dairy Herd Improvement Asso- 
ciation program, is indicated by the increase in average poreree of 
all cows in the United States from 140 pounds of butterfat per cow in 
1906 to 209 pounds in 1949. 


F. SOME ADDITIONAL WORK NEEDED 


Further study of the effects of environmental conditions on produc- 
tion records will be needed to develop factors for standardizing the 
effects of environment in proved-sire-record tabulations. 

A restudy of age-conversion factors should be made, since sufficient 
data are now available to determine clearly the relationship between 
age and production. 

Continued compilation and analyses of proved-sire records are need- 
ed to provide association members, dairymen in general, and artificial- 
breeding associations with proved-sire information. 


CoopEraATIVE Datry-CaTrie-Breepina AssocraTIONsS 


(BDI—a-44—F ederal-State—Regular Funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To provide information for cooperative dairy-cattle-breeding asso- 


ciations, particularly artificial-breeding associations, which will enable 
them to operate effectively. The current work is particularly con- 
cerned with (1) furnishing proved-sire information for use in select- 
ing sires for artificial-breeding service and (2) the compilation of data 
on the sires in artificial-breeding service to show their influence in im- 
proving the dairy herds in the area in which each association operates, 
Records are kept of the growth of artificial-breeding associations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-44-1—-Superior sires for improving dairy cattle through the 
operation of cooperative artificial-breeding associations. To provide 
proved-sire data for the artificial-breeding associations to use in 
selecting sires. 
° 


C. HISTORY AND EVOLUTION OF THIS WORK 


From about 1920 to 1939, work under this project consisted largely 
in sponsoring the organization and operation of bull associations and 
bull rings, in which dairymen dane and used cooperatively 
selected sires. Artificial breeding of dairy cattle began in the United 
States in an organized way when the first association was formed in 
New Jersey in 1939. Very little information was then available as to 
what was required for the association to operate successfully. This 
Bureau, in cooperation with the sire committee of the American Dairy 
Science Association, prepared suitable constitutions and bylaws, rules 
and regulations for operation, record forms, and specifications for 
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necessary buildings and technical equipment for operating such asso- 
ciations. These became the standards for organizing and operating 
artificial-breeding associations. The artificial-breeding-association 
program soon spread to many States and by 1950 approximately 
3,000,000 cows were being bred each year by artificial insemination. 
From the beginning of this program it was generally recognized that 
its growth and success would depend on the quality of the sires used 
and emphasis, therefore, has been given to methods of finding suitable 
sires. 
D. FUNDS—ANNUAL EXPENDITURES 


The annual expenditure from 1920 to 1947 ranged from $2,000 to 
$8,000. Since then the annual expenditures have ranged from $8,000 
to $10,000 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A handbook for organizing and operating cooperative artificial- 
breeding associations was developed as a result of work under this 
project. The handbook continues to be the only standard guide avail- 
able on the subject for use by extension workers, artificial-breeding- 
association managers, and committeemen. 

Proved-sire data in the form of sire lists and special proved-sire 
record tabulations are furnished artificial-breeding associations for 
use in selecting sires. The sire selection committees depend almost 
entirely on DHIA data to base their decision to select or reject a sire 
for artificial-breeding service. 

Semiannual proved-sire data tabulations are furnished each State 


and artificial-breeding association to show the production level of 
the daughters of the sires in artificial-breeding associations. These 
tabulations are extremely valuable to State extension workers to show 
the accomplishment of the program and provide information for sell- 
ing the program to additional dairymen. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of the operation of artificial-breeding associations should 
be continued in order to determine whether the associations operate 
with efficiency and effectiveness under current conditions. 


REGIONAL Srupres oF Datry CATTLE FrepiIng PropieMs 
(BDI—a-2-6—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop feeding practices that will result in maximum and eco- 
nomical milk production, in the regions where Bureau field stations 
are located. The current work is concerned with the development of 
more efficient methods of utilizing roughages (including pastures) 
in order to get a maximum yield of milk per acre. This involves ex- 
periments with new grazing crops and grass mixtures and the use 
of various fertilization and renovation practices, in an effort to pro- 
duce maximum yields of nutrients per acre; and the development of 
more efficient methods of harvesting and storing roughage in order 
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to conserve a maximum amount of nutrients. This work, which is 
largely of a regional nature, is closely correlated with the best soil- 
conservation practices, 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-2-6—-24—-Carrying capacity of pastures in the Coastal Plains re- 
gion. ‘To determine the carrying capacity of permanent pastures 

largely carpet grass) in terms of milk production at the Willard, 
N.C., field station, when improved by fertilizing, renovating, and re- 
seeding to legumes. 

a-2-6—-25—Annual crops for pastures and as supplements to per- 
manent pasture. To determine the efficiency of annual crops as sup- 
plements to permanent sods, and to plan a system of annual crops 
and permanent pasture that will approach year-round grazing under 
conditions peculiar to the Coastal Plains area. 

a—-2-6-45—Comparative yields and feeding value for milk produc- 
tion of forage made from (1) a mixture of Mandan wild rye and 
yellow sweetclover and (2) Marion oats and Canadian field peas. To 
develop a crop, or series of crops, with a high-protein content that 
will provide more suitable roughage for winter feeding to dairy 
cows in the northern Great Plains area. 

a—-2-6-46—Pastures for dairy cattle in the northern Great Plains 
area. To determine the relative value of several types of pasture 
grass mixtures, and pasture-management practices under dry-land 
dairy farm conditions. 

a—-2-6-47— Drying hay in stacks with portable crop drier. To deter- 
mine the economy and efficiency of drying hay (loose or baled) with 
fairly high moisture content in the stack. The feeding value of the 
dried hay will be compared to hay cured under field conditions. 

a-2-6-48—The relative efficiency of permanent and renovated per- 
manent pastures with and without commercial fertilizers. Commer- 
cial fertilizer has been used to only a limited extent on irrigated pas- 
tures in the intermountain region. This experiment will show the 
value of commercial fertilizers and renovation and reseeding in in- 
creasing the carrying capacity of pastures under irrigation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of improved feeding practices as applied to dairy 
cattle and dairy farming began at regional field stations in the early 
1900’s but did not receive much impetus until the early 1920’s. It 
was recognized in the beginning that increased and economical dairy 
production would depend as much on improvement in feeding prac- 
tices as on improvement in breeding and management practices. 
The early work revealed the vast improvement that could be made in 
dairy production by making more use of the improved roughage. The 
early investigations on three rates of grain feeding for dairy cattle 
showed the relative importance of roughage and grain in the dairy 
ration and formed the basis for much of the later work on feeding. 
The early investigations, which have changed with time, included some 
of the original work done with grass silage. Later work included de- 
velopment of methods of measuring and improving the carrying ca- 
pacity of pastures, the development of grazing systems for different 
regions, and artificial drying of hay. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Estimated costs on this project have averaged about $21,000 yearly 
from its inception in about 1920. The expenditures were $23,000 for 
fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Three plans of feeding—These experiments showed the compara- 
tive production of cows fed three different combinations of grain and 
roughage. When fed a ration of roughage alone (alfalfa hay, silage, 
and pasture) cows produced 70 percent as much milk and butterfat as 
when fed a full-grain ration. When fed a limited grain ration they 
produced about 93 percent as much as when fed a full grain ration. 
The demonstration that good quality roughage can be depended on to 
provide ample nutrients for a high level of erm is of great 
practical value to dairymen in planning their feeding programs. 

Stage of maturity of alfalfa affects yield, composition, and feeding 
value.—Cutting alfalfa at the full-bloom stage produced only 68 per- 
cent as much crude protein and 70 percent as much total digestible 
nutrients as cutting at the initial-bloom stage. When cut at the full- 
bloom stage the hay produced only 3,970 pounds of milk (4 percent 
fat corrected) per acre as compared to 6,330 pounds of milk per acre 
when cut at the initial-bloom stage. Over a 4-year period the stand 
was not affected by the stage of cutting. This is of great economic 
importance to dairymen since over half of the 39,000,000 tons of alfalfa 
produced in 1949 was fed to dairy cattle. 

Input-output relationships in milk production—In this study the 
relationship between feed consumption and milk production was deter- 
mined. ilk production increased with each increase in grain al- 
lowance but the additional milk produced for each additional unit 
of feed decreased. ‘The response to increased feed was less at high 
levels than at low levels of production. When cows are fed all the 
good roughage they will eat, the average decrease in hay consumption 
for each 100 pounds increase in grain is from 50 to 70 pounds. Feeding 
at different levels had no effect on the fat percentage of the milk. 
These input-output relationships show that large additional quantities 
of feed grains can be converted into milk with only a small loss in 
efficiency. ‘They also show how farmers can adjust their feeding pro- 
gram to increase or decrease milk production in accordance with the 
national requirements for milk and in keeping with feed costs and milk 
prices. The most profitable level of feeding is not fixed. 

Annual crops and permanent pastures provide expensive grazing 
in the Sandhill region of the Southeast.—This experiment covering a 
5-year period showed that the cost of producing feed nutrients was 
too high for profitable dairying in the Sandhill region. Permanent 
pasture and annual crops provided only limited grazing. The cost 
of establishing and maintaining the permanent pasture and of seeding 
the annual grazing crops was high and the carrying capacity was low. 

Effect of pasturing upon the grain yield of winter wheat in western 
Oklahoma.—Over a 4-year period, the wheat yield was not injured by 
grazing up to February 15, but grazing after that date lowered the 
yield of grain materially. 
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Young Sudan grass hay best for dairy cattle——Sudan grass har- 
vested when it first began to produce heads yielded 404 pounds of pro- 
tein per acre as compared to 318 pounds and 285 pounds, respectively, 
when harvested at the full-head and soft-dough stages. The early 
cut hay was superior to the hay cut at later stages, in main‘.ining 
milk yield. 

Single grains adequate supplements with alfalfa hay and silage for 
milk production—Single grains (ground corn, ground barley, or 
ground Kafir) fed with unlimited quantities of alfalfa hay and silage 
proved as efficient as grain mixtures (four to six different grains, grain 
byproducts, and high protein concentrates) for milk production. 
When cows have an opportunity to consume plenty of good hay and 
silage it makes little difference whether the additional nutrients are 
obtained from a single grain or a mixture of several grains or grain 
byproducts. 

“oung grass better for milk production than mature grass.—This 
research pioneered the extensive work since carried out to compare 
the feeding value of immature grasses (and their products) with-that 
of the mature grasses. The marked preference of the cows for hay 
or silage made from immature grasses as compared to that made from 
mature grasses was shown by the great difference in rate of consump- 
tion and milk production. 

Improvement of pastures for dairy cattle in middle Tennessee.— 
The results of this experiment show how the carrying capacity of 
pasture and the milk production can be increased by reseeding and 
using improved methods of management for old, worn-out pastures. 
For example, mowing twice a year to control weeds resulted in an 
increase of 23 percent in nutrient yields. The results have been widely 
used in the pasture-improvement program for the Midsouth. 

Alfalfa hay a good ration for dairy cows.—Research conducted over 
a period of several years at four of the regional dairy experiment 
stations showed that the production of 15 cows fed on alfalfa hay 
alone for full lactations averaged 11,125 pounds of milk and 390 pounds 
of butterfat. This was approximately 60 percent of their production 
when fed full grain rations in addition to alfalfa hay and silage. The 
cows, when fed alfalfa hay alone, consumed an average of 7 tons of 
hay per year. Feeding dairy cattle on high-quality hay is of great 
economic importance. 

Measuring the yield of nutrients of pastures—Yields of nutrients 
from an experimental pasture were determined by deducting the nutri- 
ents in supplementary feed from the nutrients required by the grazing 
cows. The yields by this method were compared with yields as deter- 
mined from pasture clippings. The former method was considered 
more accurate, but a combination of the two methods is recommended. 
The results of this work formed the basis for standards now widely 
employed by investigators in measuring pasture yields by grazing 
animals, 

F. SOME ADDITIONAL WORK NEEDED 


Feeding experiments on new products and byproducts.—New prod- 
ucts and byproducts are constantly appearing, some of which may 
have a high potential feed value for dairy cattle. Many of them are 
destroyed as there is no market value for them. There is need for con- 
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stant research in finding and evaluating these materials as a source of 
nutrients for livestock. 

A simple method for evaluating environment for dairy cattle is 
needed.—Much progress has been made and reasonably accurate stand- 
ards have been developed in evaluating dairy-cattle-production records 
according to the ages at which the records are made. Practically 
nothing has been accomplished in interpreting production records in 
terms of environmental factors (feed, management, climatic factors, 
etc.). There are many problems involved, but a workable method 
would be of great value in interpreting results of breeding experi- 
ments and especially in the proving of sires. 

Evaluation of legume hays and grazing crops in dry-land areas.— 
There is urgent need of expanded research to develop and evaluate 
higher protein roughages and pastures for areas of low rainfall, such 
as the Northern and Southern Great Plains. Dairying is limited in 
these areas because of the lack of desirable hays and pastures. 


Unipentiriep Nurrrents tn MILK 
(BDI—a-3-1—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 
To determine what unidentified nutritional factors occur in milk and 
milk products, the role of these factors in nutrition, their distribution 
in feeds, methods of supplying them to growing calves, their sources 


in the cow, and their physiological and chemical properties, and to 
isolate and determine the chemical structure of such nutrients. 


Current work is concerned with studies of the chemical properties of 
vitamin B,, in milk, its physiological role in the animal body particu- 
larly as it relates to protein metabolism, and the amounts of this vita- 
min present in milk. Studies are also in progress to determine the 
presence of still other unidentified nutritional factors in milk. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—3—1-1—Comparison of diets containing all known nutrients with 
such diets when supplemented with milk products. To determine 
whether diets containing adequate amounts of all known nutrients will 
support normal growth, health, reproduction, and lactation and 
whether milk contains additional nutrients that are necessary for these 
life processes. 

a—3—1-2—Isolation of unidentified nutrients of milk and milk prod- 
ucts. To investigate the chemical and physical properties of any un- 
identified nutritional factors found in milk and milk products in order 
to differentiate, concentrate, and isolate such factors and thus permit 
more definite study of their characteristic physiological action. 

a—3—1-3—Physiological role of the unidentified nutrients of milk 
and milk products. To determine for each unidentified milk nutrient 
(1) the symptoms that result from a lack of it in the diet; (2) in 
what vital processes such as growth, reproduction, etc., the nutrient 
is concerned: and (3) how it takes part in such processes. 

a—3—1-6—Source of the unidentified nutrients of milk. To deter- 
mine the cow’s source of the still-unidentified nutrients in her milk and 
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the effect of the character and composition of the rations on the con- 
centration of these nutrients in milk. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was an outgrowth of investigations on the vitamin A 
requirements of dairy cattle for reproduction and for the maintenance 
of a high vitamin A value of cow’s milk. In 1932, during attempts to 
determine by rat assay the vitamin A potency of milks produced by 
cows that received different intakes of vitamin A in their feed, it was 
found that milk contained an unidentified substance which appeared 
to be of importance in nutrition. 

It became apparent as the work progressed that this unidentified 
nutrient was, in fact, of fundamental importance to the normal growth, 
health, and functioning of animals, and possibly in humans. Not 
only were milk and milk products that contained the nonfat solids of 
milk found to be good sources of the nutrient but the factor was 
discovered to be relatively highly concentrated in certain liver ex- 
tracts that were being used in the treatment of pernicious anemia in 
man. In 1948, a bacteriological test that was originally developed 
in connection with this project was used by other workers to isolate 
the long-sought-for principle in liver which was effective in alleviating 
this disease; this principle was designated vitamin B,, 

Subsequently, the work of this project showed that the unidenti- 
fied nutrient in milk was vitamin B,. or some substance which acted 
like B,. in the normal mammal—although this B,, substance in 
milk is not ordinarily available when fed to the pernicious-anemia 
patient due to a defect in the latter’s metabolism. Because of the 
recognized importance of this vitamin in nutrition, an additional 
nee (RM: a—559, p. 318) has been set up to study the vitamin 

9 activity of milk and milk products as affected by various factors 
in production and processing and the utilization of milk constit- 
uents in supplying this vitamin for both humans and _ livestock. 
Under the present project, work is being continued on other unidenti- 
fied nutrients in milk, on problems dealing with the cow's source of 
vitamin B,., and on a more detailed study of how B,, acts in the body 
in order to define more clearly its role in nutrition. 


D. FUNDS--ANNUAL EXPENDITURES 


The estimated expenditures for work under this project from 1932 
to 1942 averaged approximately $10,000 yearly. From 1945 to 1949 


the average was about $18,000 annually and in the fiscal year 1950 it 
was $24,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Tsolation of the anti- pe rnicious-anemia principle of liver facili- 
tated.—For nearly a quarter of a century prior to 1948, efforts had 
been made to isolate the principle in liver which was effective in the 
treatment of pernicious anemia of humans. These efforts were re- 
tarded by lack of test subjects. During the last few years workers 
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on this project were able gradually to make purer concentrates of 
the unidentified nutrient found in milk and in anti-pernicious-anemia 
liver extracts. A bacteriological test developed by the Bureau of 
Dairy Industry greatly facilitated the purification of this principle 
and led finally in 1948 to its isolation in pure form by chemists in a 
private laboratory, w ho designated the substance vitamin B,). 

Unidentified nutrient in milk shown to possess vitamin By, activity — 
Soon after pure crystalline vitamin B,, became available in 1949 the 
Bureau of Dairy Industry demonstrated that the various harmful 
effects produced by a deficiency of the unidentified milk nutrient could 
be prevented or overcome by feeding pure vitamin B,. just as it had 
been overcome by feeding milk and certain milk products or liver 
extracts. However, the form in which the active material occurs in 
milk apparently is different than in liver extracts. This work made 

‘arly important contributions to our basic knowledge of the funda- 
mental role played by vitamin B,, in the nutrition of normal animals 
and, doubtless, of human beings. These contributions in turn should 
aid in throwing light upon the question of how the vitamin acts in 
alleviating pernicious anemia and thus lead to a better understanding 
of this disease. 

Vitamin B,» or the By-active substance in milk found necessary for 
utilization of protein.—For many years, workers in nutrition have 
studied the effects of various percentages of protein in the diets of 
both humans and livestock. The Bureau of Dairy Industry has 
shown that when the diet is deficient in vitamin B,., or deficient in the 
vitamin B,.-active material of milk, ordinary lev els of protein in the 
diet have a deleterious effect on growth, whereas high levels of protein 
are harmful and often fatal. “Adding commercial casein prepared 
from skim milk or adding vitamin B,, itself to the ration allowed 
animals on a usual level of protein to grow at a normal rate and 
prevented altogether the fatal results caused by high levels of protein. 
Even with B;. »-defici ient rations that were deficient in protein, growth 
was increased when a source of this vitamin was fed. These results 
indicate that vitamin B,. or the vitamin B,.-active material in milk 
plays a fundamental role in enabling animals to use protein. 

Relation of vitamin By. and milk utilization of diets containing 
/actose-—It was found that when lactose (milk sugar) was separated 
from milk and purified and then was fed in diets deficient in the wn 
dentified milk nutrient, the already retarded growth of rats was de 
pressed still further. When the lactose was fed in the form of dried 
skim milk, which also contained the B,.-active material or with pure 
B,. animals grew at a normal rate. This work indicated clearly that 
B,. or the B.. activity in milk aids the animal to utilize diets ¢ ontain 
ing lactose; it points to the advisability of considering these facts 
in connection with the use of lactose in infant feeding. 

Vitamin By», sexual development and re production. —Results showed 
that a deficiency of the unidentified milk nutrient delayed the onset 
of sexual maturity in female white rats. Supplying this nutrient 01 
vitamin B,. itself prevented this delay. In studies on reproductio 
it was found that a large proportion of young born to vitamin B 
deficient female rats died within the first few di: ays of life. 
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Vitamin By, in foods and feeds.—It was found that forages and 
green feeds possess vitamin B,, activity, whereas the cereal grains and 
concentrates do not. Beef, pork, and liver contain this nutrient, but 
white flour, enriched white ini and whole wheat flour are devoid of 
it. Milk, dried skim milk, and various cheeses are good sources of 
vitamin B,, activity and in this respect supplement. the deficiency 
of our cereal foods. The addition of milk solids to bread provides 
a new nutritional advantage in addition to those now well known. 

The cow’s source of vitamin B,,—The cow receives vitamin B,, 
active material in the forage and pasture but not in the grain prod- 
ucts that she eats. Work with rats indicates that vitamin B,, may 
be synthesized in the cow’s digestive tract through action of bacteria. 
In fact, this work has shown that under certain die tary conditions 
rats may grow as well without vitamin B,, in their diet as with it, 
and strong circumstantial evidence was obtained indicating that this 
was because under these conditions bacteria which synthesize B,, 
or B,,-active material may be induced to thrive in the intestinal tract 
of this animal. Riboflavin appeared to play a dominant role in this 
synthesis. 

F. SOME ADDITIONAL WORK NEEDED 


Unidentified nutrients in milk.—One of the most urgent needs is 
a more complete knowledge of the nutritional constituents necessary 
for a complete diet. This is emphasized by the fact that in the past 
each newly discovered nutrient has had a beneficial effect on the health 
and well-being of both humans and domestic animals. There is good 
reason to believe that there are still unknown nutrients in milk that 
contribute to its high nutritional value. 

Functions of milk nutrients —Just as all of the nutrients in milk 
are not known, neither are all of the functions of the well-known 
and recognized nutrients well understood. As examples, the physio- 
logical role of the newly discovered vitamin B,, in determining the 
capacity of the normal mammal to use dietary protein and rations 
containing lactose is unknown. Casein, the main protein of milk, 
is a peculiar one in that it contains the element phosphorus in what 
has been called a phosphopeptone group. This same group occurs in 
a protein in another food, namely the vitellin of egg yolk, which 
like casein is specifically adapted to the nutrition of the very young 
animal. For years there has been speculation regarding the function 
of these peculiar proteins. Knowledge of the function of such nu- 
trients is necessary for intelligent application of the value of milk and 
milk products in nutrition. 

Sources for the cow of vitamin B,, and of unidentified nutrients.— 
It is well recognized that bacterial synthesis of a number of the 
known water-soluble vitamins occurs in the digestive tract of the cow. 
Such synthesis may well be a very important source of vitamin B 
(and possibly of still undiscovered nutrients) both for the animal 
herself and for the milk she secretes. This should be determined and 
studies should be carried out on the effects of various feeds and dietary 
constituents and of other conditions upon the extent of such synthesis. 
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ViraMin A Porency or MitK anp MiLk Propvucrts 
(BDI—a-3-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of the work under this project is to determine the fac- 
tors that influence the amount of carotene (provitamin A) contained 
in dairy cattle feeds, its preservation under average farm conditions, 
and how it can be provided in sufficient quantities to properly nourish 
the cow and to enable her to produce milk of high vitamin A value, 

The current work is concerned with the development of more 
satisfactory chemical procedures for the determination of the vita- 
min A potency of milk, butter, and other dairy products; and the 
development of more satisfactory procedures for the determination 
of carotene in dairy feeds or forages. To develop methods of im- 
proving the vitamin A value of milk, the effect of these methods 
on the value of other nutrients in the feeds, and the conditions which 
may affect the utilization of the precursors of vitamin A in them. 


B. CURRENTLY ACTIVE LINE PROJECTS 

a-3—2-10—F actors affecting the vitamin A and carotene content of 
milk. To determine the vitamin A and carotene content of milk and 
its products, and to improve present methods for the determination 
of these values. 

a—3—2-11—Determination of carotene in forages. To develop more 
precise methods for the determination of carotene in forage crops 
as prepared and used on the farm. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1926 it was shown that vitamin A must be present in the diet 
of growing calves, otherwise they fail to grow and soon die; cod- 
liver oil served as a source of vitamin A in this experiment. In 
1929 the observation was made that carotene, a plant pigment, could 
be used by animals as a source of vitamin A. Work reported from 
this laboratory in 1932 indicated that farm rations fed to calves 
could be dangerously low in vitamin A or its precursor, carotene. 
Milk from cows fed hay. low in green color was an unsafe. source of 
carotene for growing calves. In this and other laboratories, it was 
nated that cows fed on rations pag in vitamin A or carotene 
gave still-born, or blind, or weak, or both blind and weak calves 
which often died shortly. Attention was directed to the estina- 
tion of carotene in forages under the various feeding practices in 
general use, and at the same time to the estimation of carotene and 
vitamin A in the milk produced under these conditions. Since the 
plant source of vitamin A is chiefly Beta carotene, estimations of 
this constituent were necessary. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimated expenditures for work on this project from its beginning 
in about 1920 to 1942 averaged approximately $15,000 yearly. Fron 
1943 to 1950 the average yearly expenditure was about $18,000 and 
for the 1950 fiscal year it was $19,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a rapid method of estimating the amount of caro- 
tene in dairy feeds was initiated in this laboratory. Conditions were 
established whereby the carotenoid pigments could be separated, meas- 
ured, and recovered routinely to give a reliable estimate of the caro- 
tene in forages. The conventional biological assay method (testing 
with laboratory animals) showed that the vitamin A activity of the 
forage could be ascribed to the estimated amount of carotene in the 
forage; other pigments gave insignificant activity. Therefore, the 
time-consuming biological method of assay could be replaced by the 
rapid physicochemical method. 

Estimation of carotene content in the United States grades of 
alfalfa and timothy hays were made and evaluated against leafiness 
and greenness scores; the former was found to be the better index of 
carotene content. 

Storage losse 8 of carotene in alfafa and timothy hays and alfafa 
meals were related to storage temperature. Excessively high tempera- 
tures (summer months) led to losses of over 20 percent per month ; 
winter losses were only about 2.6 percent per month. 

Carotene content of corn silage and losses in storage were deter- 
mined. Increases in carotene from the ensiling process had been 
reported by other workers. This increase was shown in this labora- 
tory to be due to noncarotene pigments generated by the ensiling 
process and estimated erroneously as carotene. Carotene losses in 
corn silage were found to be small during storage ; the content depends 
markedly on the stage of maturity of the corn plant when cut. 

Collaboration with other projec ts in the Bureau to establish carotene 
requirements of lactating cows and qrow ing calves require d carotene 
analyses on all hays and carrots, and vitamin A analyses of cod-liver 
oils. From provisional requirements of growing calves and lactating 
cows, it was possible to answer widespread requests from drought 
regions on best methods of supplementing poor drought crops with 
alfalfa leaf meals, carrots, or cod-liver .oil to carry these animals 
through emergency conditions. 

Compilation of results of Nation-wide surve y of vitamin A in butter 
throughout the year in the United States was done by this labor: atory. 
Results showed summer butter to contain over 18,000 International 
Units per pound; winter butter about 11,000 International Units per 
pound, and the national average was 15,000 International Units per 
pound. 

Methods to increase the vitamin A activity of winter butter by 
better forage preservation have been demonstrated at Beltsville. Tt 
has been shown that alfalfa can be ensiled so that it will have a very 
high carotene content and, at the same time, improve the preservation 
of dry matter and protein. Cows fed this silage produced winter 
butter of high vitamin A potency and at the same time more milk per 
acre of forage. 

Relation of carotene intake of cows to vitamin A potency of butter- 
r; has been determined at Beltsville. The response in International 

nits of vitamin A per pound of butterfat has been related to the 
daily carotene intake in milligrams by a formula. 
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F. SOME ADDITIONAL WORK NEEDED 


Development of methods for better preservation of carotene anil 
nutrients in forages to increase the vitamin A potency of milk anid 
its products—The latter depends chiefly on the carotene content 
in forages. Best preservation methods are invariably those whic) 
best preserve carotene. Research on the effect of method on content 
of carotene is required in collaboration with other projects devoted 
to studies on methods of harvesting. 

Development of methods for more precise determination. of vitami 
A in milk and milk products and in rations.—It has been demonstrated 
that vitamin A may occur in isomeric forms, which raises the question 
of evaluation of extent and relative utilization of the individual forms. 
Chromatographic adsorption offers a tool to answer this question. 
The extent and effect of isomeric composition should be explored from 
the viewpoint of biological importance and for its bearing on interpre 
tation of analytical data. 

Development of more precise methods for the determination of 
carotene in dairy feeds —Carotene has been shown to exist in isomeric 
forms of different biological values. It is desirable to know the 
isomeric composition of “feed to cort rectly gage its value. Present 
methods suffer from lack of fundamental ‘knowledge on the prepara 
tion of suitable adsorbents for separation of carotene isomers. The 
favorable effect of water and acetone on surface activity of the adsorb- 
ents has been demonstrated in this laboratory and should be explored 
further with quantitative measurements. 


NUTRITIONAL REQUIREMENTS OF CALVES AND HEIFERS 
(BDI—a-3-4—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the requirements of calves and heifers for the various 
vitamins, minerals, and other feed nutrients for normal growth and 
health, and to develop the most practicable methods of providing 
these nutrients under farm conditions. 

Current work is concerned with the requirements of calves fo 

carotene and vitamin A under varying conditions. The effect of 
different feeding regimes on the vitamin D content of forages fed 
to calves is also being investigated in relation to the requirements 
for this vitamin. Research is also being conducted on methods of 
raising calves with a minimum amount “of grain, by placing more 
dependence on good quality forage. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-3-4-2—Vitamin A requirements of young calves for growth and 
health. To determine the vitamin A and carotene requirements of 
calves from birth to 4 months of age and the effect of various rations 
and environmental factors on the stora age of these nutrients in the 
body and the content in the blood. 

a-34—3—Substitutes for milk or milk lucts in feeding calves. 

a-3-4-3—Substitutes for milk or milk products in feeding ca 
To test various materials that might be used as substitutes or partial 
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substitutes for milk in feeding young calves, in order to reduce the 
use of salable whole milk. 

a—3—4-6— Adequacy of roughages as a source of nutrients in raising 
young dairy stock. To develop methods of raising heifers with more 
roughage and less grain and milk, in order to decrease the cost of 
raising herd replacements. 

a—5—4-8—A study of anemia in calves. To determine the cause of an 
anemia which develops in young calves and develop practical methods 
for its prevention and cure. 

a-3-4-10—F actors affecting the antirachitie activity of forage 
crops. To determine whether forage crops harvested as barn-cured 
hay and wilted silage contain sufficient vitamin D to prevent rickets 
in young calves, in order to determine whether vitamin D supple- 
ments are needed with these forages. 

a-s—4-11— Effect of the calcium content of the grain ration on the 
antirachitic activity of forage crops. To determine whether it is 
beneficial to add extra calcium to the grain ration when calves are fed 
forages that may be relatively low in vitamin D. 

a—3—4-12—Wilted alfalfa silage as a forage for the growth and 
development of dairy heifers. To determine whether wilted alfalfa 
silage can be used as the principal forage for heifers and thus make 
use of a feed that can be conserved by more efficient methods than 
ordinary field curing of hay. Such a procedure would lessen the 
cost of raising heifers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The first work under this project consisted of studying the effect 
of substituting skim milk for whole milk in raising calves. This 
study led to the discovery that supplemental vitamin “A and vitamin 
D were required by calves fed limited amounts of milk. Studies were 
then conducted to determine the amounts of these vitamins required 
by calves. With an understanding of the calf’s requirements for 
vitamins A and D, further work was conducted which was aimed at 
raising calves on the smallest possible quantities of salable whole milk 
and w ith major dependence on forage. The use of grass silage in calf 
rations is under investigation at the present time. While many funda- 
mental studies have been conducted under this project, the main ob- 
jective has always been to find the most economical and practical 
methods of raising young dairy stock. 


D. FUNDS—-AN NUAL EXPENDITURES 


Work on problems connected with raising calves has been under way 
since about 1918 and the estimated annual expenditure from then to 
1942 was about $20,000. From 1943 to 1950 it averaged about $33,000 
and in the fiscal year 1950 it was $57,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Digestion of starch by the young calf —Work conducted in 1918 
showed that calves could not digest starch effectiv ely until they were 
30 to 40 days of age. This know ledge made it possible to formulate 
calf rations containing small amounts of milk. 
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Raising calves with small amounts of salable whole milk.—In the 
beginning stages of this project, it was demonstrated that calves could 
be raised without the use of any whole milk after 6 to 8 weeks of age 
in contrast to feeding whole milk up to 6 months of age. Later work 
demonstrated that during the 6- to 8-week period, skim milk could 
replace all the whole milk if vitamins A and D were fed along with 
some good energy feed to replace the fat in the whole milk. 

Vitamin A requirements of calves—In order to raise dairy calves 
successfully without whole milk, it was found necessary to add vitamin 
A tothe ration and that 10 to 20 milliliters of cod-liver oil daily would 
take care of the needs for vitamin A during the milk- feeding period. 
It was also found that since the calf is born with a minimum of vitamin 
A storage it is good practice to feed larger quantities of vitamin A 
during the first 2 to 4 weeks than during the later period of growth. 

Raising dairy heifers on a small allowance of grain.—lt is the usual 
practice to feed grain to growing heifers up to calving time. From 
the results of extensive investigations it was found that heifers can 
be raised without any grain after 9 months of age, if a good quality 
of forage is fed. This means a considerable sav ing in cost of rearing 
dairy heifers. The practice also fits in well with grassland agricul- 
ture. since large quantities of forage can be used to replace grain. 

Vitamin D in forages harvested by the newer methods.—Al|though 
forages harvested as silage or barn-dried hay are exposed to the sun 
for only short periods of time after cutting, they nevertheless have 
been found to contain enough vitamin D for growing calves. When 
such forages are fed to calves in adequate amounts, no vitamin D 
supplements are needed. 

Tec hnique for diagnosing ricke ts in young cal ie s.—An X-ray 


method has been developed for diagnosing subclinical rickets in calves. 
The method consists of X-raying the ulna area in the knee joint of 
the calf. This technique can be used for detecting rickets in cases 
where no external signs of rickets are present. 


F. SOME ADDITIONAL WORK NEEDED 


Requirements for mineral elements.—Further work is needed on 
the effect of feeding rations deficient in many of the mineral elements, 
for instance, manganese. This mineral is frequently added to dairy 
feeds, yet there is no information on the requirements for manganese 
nor on the symptoms and pathological effects of a deficiency of this 
element. The development of suitable synthetic rations for raising 
calves is needed in order to study their mineral requirements. 

Effect of excess feeding on mineral elements.—Little information 
is available on the effect of feeding excessive amounts of some of the 
mineral elements. For instance, the feeding of excess molybdenum 
to dairy calves in experiments by the Bureau has brought out certain 
specific effects which were not heretofore known. However, these 
effects explain some of the observations made in certain areas where 
excess molybdenum occurs in the soil. Such information is valuable 
in interpreting conditions seen under practical farm conditions. 

Raising veal from dairy calves.—Dairy calves frequently are dis- 
posed of shortly after birth. However, Side present conditions be- 

cause of the high price of veal it may be profitable to raise and sell 
dairy calves for veal. Further work is needed on the use of milk 
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byproducts and milk substitutes in raising calves for veal. Informa- 
tion is needed on input-output comparison in veal production in rela- 
tion to the grade and quality of the meat produced. 

Use of antibiotics—Recent information with small animals indi- 
cates that certain antibiotics have a marked effect on growth. The 
use of such antibiotics should be studied with young calves to deter- 
mine whether they are effective in increasing the rate of growth and 
whether they are of any practical value for raising calves. 


NurritionaL Facrors AFrecrinG THE UseEruLNEss OF Datry Carrie 
(BDI—a-—3—5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


' To determine (1) the nutritional requirements of dairy cattle, (2) 
the nutritional values of feeds and factors that affect these values, 
(3) practical and economical feeding programs for dairy cattle, (4) 
the best methods to employ in the preservation of forages, (5) the 
most. efficient practices for utilizing pasture for dairy cattle, and (6) 
the feeding values of miscellaneous feeds and feed materials. The 
current work is concerned with determining the protein requirements 
of milking cows, the value of thyroprotein in feeding cows, the evalua- 
tion of different methods of preserving and utilizing forages, and the 
best practical methods of developing and using pastures for dairy 
rattle, all of which are directed toward formulating sound recom- 
mendations to farmers for feeding dairy cattle. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—3—5-] “ffect of pasture on reproductive difficulties. To deter- 
mine whether cows kept off pasture have as good a reproductive history 
as cows that have access to pasture. 

a—3—5-14—The efficiency of temporary pastures in a crop rotation 
as compared with permanent pastures at Beltsville, Md. To deter- 
mine whether it is an advantageous farm practice to depend upon 
temporary pastures which rotate with other crops such as wheat and 
corn as compared with keeping cultivatable land in permanent 
pasture. 

a—3—5-19—Improvement of pastures for dairy cows. To determine 
the practicability and relative value of renovating old orchard grass 
and bluegrass pasture sods by tillage and seeding for the purpose 
of increasing the quantity and qu: ality of pasture, particularly during 
the midsummer season when most permanent pastures are in a state 
of low production. 

a—3—5-21—Comparison of forage-harvesting methods to produce 
feed for dairy cattle. To determine the relative efficiency of preserv- 
ing forage crops, cost of preservation, and feeding value for dairy 
cattle of for ages preserved as field-cured hay, barn-dried hay, and 
wilted silage, in order to develop the most economical method of 
preservation of forage crops as a feed for dairy cattle. 

a—3-5-22—Protein requirements of dairy cattle. To determine the 
protein requirements of milking cows and obtain information on the 
input and output rel: ationships. between the amount of protein fed 
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and milk production in order to develop more economical grain rations 
for the feeding of dairy cattle. 

a—3—5-23—Value of thyroprotein in the ration of dairy cattle. To 
obtain information on the effect of feeding thyroprotein to dairy 
cattle on health, reproduction, lactation, efficiency of feed utilization, 
physiological processes, blood and milk constituents, in order to deter 
mine whether this hormone product can be safely and economically 
used to increase milk production under practical farm conditions. 

a—3—5-25—Effect of various treatments on the productivity of reno- 

vated permanent pastures. ‘To determine the best seeding mixtures 
and fertilization procedures for increasing the productivity of reno- 
vated permanent pastures that are to be grazed by milking cows. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Early work under this project consisted of studies on the effect of 
quality of hay on reproduction and lactation of dairy cows. This 
led to studies on the effect of vitamin A on reproduction, since poor 
quality hays were found to be low in vitamin A. In later work, studies 
were begun to find methods which would preserve the vitamin A in 
forages, which led to the development of making hay crops into 
silages. This led to studies on silage making procedures, from which 
the wilted silage method was developed. In some of the early studies 
methods of pasture management and fertilization were conducted. 
Considerable work was done on the calcium requirements of dairy 
cattle. 


D. FUNDS—-ANNUAL EXPENDITURES 


From about 1918, when work in dairy cattle nutrition was begun, 
until 1942, the estimated annual expenditure averaged about $45, ‘000. 
From 1943 to 1950, the average cost was about $63,000, while in the 
fiscal year 1950 the cost was $90 ,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A comparison of the efficiency of making silage, barn-cured hay, 
and field-cured hay from a field of alfalfa showed that significantly 
larger amounts of dry matter, protein, and carotene can be saved for 
feeding when the crop is made into silage than when it is made into 
either barn-cured hay or field-cured hay. Making silage requires 
very little additional labor or use of machinery. In feeding trials, 
the cows consumed the same amount of dry matter in each of the three 
types of roughage and produced practically the same amount of milk 
on each roughage but they gained more weight on the silage. The 
milk produced on the silage was also higher in vitamin A. On an acre 
basis, however, because of the greater saving of dry matter and pro- 
tein, the silage- making method produced 12 pere ent more milk than 
the field-curing method ; and the barn-cur ing method produced 8 per- 
cent more than the field-curing method. During one year when the 
field-cured hay was rain damaged, the differences were even more 
striking. There was a definite difference in milk production in the 
feeding trials. Thus, the making of grass silage, particularly in 
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humid areas, is the most desirable method of harvesting the hay crop 
for most economical production of milk. 

The usefulness of a crop rotation system as compared with perma- 
nent pastures in furnishing feed for dairy cattle —In areas where the 
permanent pasture land can be cultivated, the question arises as to 
whether a crop and pasture rotation system should be followed. In 
experiments at Beltsville, it was shown that a 5-year crop and pasture 
rotation, in which corn was grown for silage the first year, wheat was 
seeded with orchard grass or brome grass in the fall of the first year 
and Ladino clover was seeded in the spring of the second year, fol- 
lowed by 3 years of pasture and hay, produced about 10 percent more 
feed each year than was produced from permanent pasture alone. 
Furthermore, the pastures in the rotation series furnished a consider- 
able portion of the nutrients for grazing during July and August 
when the permanent pastures were short and also in the early spring 
and late fall when normal amounts of pasturage usually are not 
available. 

Protein requirements for dairy cows.—Dairymen usually purchase 
considerable quantities of protein concentrates to mix with the cereal 
grains. This adds considerably to the cost of milk production. Feed- 
ing experiments were conducted, in which the grain ration contained 
either 10, 14, or 18 percent of protein, and the roughage consisted of 
corn, silage, timothy hay, and a small allowance of alfalfa. The ex- 
periment ran for three lactation periods and the results showed that the 
group of cows on the low-protein grain ration produced as much milk 
and butterfat as the group on the higher levels of protein. The low- 
protein group received less protein in the grain ration than is ordi- 
narily recommended for use with these roughages. Therefore, under 
practical farm conditions it is possible to use lower protein grain 
rations than have been commonly recommended, which would mean 
a considerable saving to the dairyman and would enable him to make 
greater use of his home-grown feeds and produce milk more economi- 
cally. 

Feeding thyroprotein, a hormone product, to producing cows was 
found to cause a 15- to 20-percent increase in milk production, but 
in order to maintain body weight and the higher rate of milk produc- 
tion, it was necessary to feed about 20 percent more feed. However, 
the extra feed was utilized efficiently for milk production. Also, 
thyroprotein feeding has resulted in higher calf mortality. It is not 
recommended that thyroprotein be fed by the average dairy farmer. 
The product probably does have use in commercial dairy herds, where 
herd replacements are not raised and where the cows are sold after 
reaching a low state of production. 

Renovation of permanent pastures —The renovation of pastures 
consists of breaking up the sod, fertilizing, and reseeding with de- 
sirable grasses and legumes. The renovation takes the pasture so 
treated out of production for about 6 weeks in the spring of the first 
year. By late summer, however, the renovated pastures at Belts- 
ville had produced more feed than the check permanent pastures that 
had received the same fertilizer treatment. but which had not been 
tilled. During the second, third, and fourth years after renovation, 
the renovated pastures produced about 50 percent more feed than the 
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unrenovated check pastures. The renovated pastures came into pro- 
duction about 10 days to 2 weeks earlier in the spring and were 
pastured later in the fall, so that 2 to 3 weeks more grazing was ob 
tained. ‘Thus, the renovation of permanent pastures offers a means 
of increasing the yield of pastures and makes it possible for the dairy- 
man to get a greater carrying capacity out of his pastures over a 
longer season. 

Vitamin A requirements of reproduction —Experiments showed 
that- when poor-quality forages were fed to dairy cattle for long 
periods of time, poor reproduction resulted. Calves were born blind 
and they usually died during the first week after birth. Some calves 
were born prematurely. The cows usually retained the placental 
membranes. This poor reproductive performance was found to be 
due toa lack of sufficient carotene or vitamin A in the ration. Further 
work demonstrated that cattle require about 80 to 100 milligrams of 
carotene per day, which Biota be furnished by a good quality of hay. 
Thus, these studies show the necessity of furnishing dairy cattle with 
plenty of good-quality forages during the winter ‘feeding season. 


F. SOME ADDITIONAL WORK NEEDED 


Effect of grass silage feeding on health and reproduction of dairy 
cattle-—Making silage is an effective method for the preservation of 
the nutrients of hay crops. The silage is also a good feed for milk 
production. However, farthen information is needed on the effect 
of feeding grass silage for long periods of time on the health and 
reproduction of dairy cows. It would be desirable to begin with calves 
and carry them through lactation. Such information would aid in 
answering some of the questions being asked by dairymen at the pres- 
ent time concerning the feeding of grass silage. 

Effect of chemicals in the preservation of the nutrients of forag 
cro ps.—Many new chemicals with desirable properties for the preser- 
vation of nutrients in feeds have been introduced. These chemicals 
should be tried under practical conditions to determine whether there 
is any advantage in their use to preserve the feed nutrients of forage 
crops. 

Effect of early nutrition on the milk-producing capacity of dairy 
cows.—Some information indicates that early nutrition during the 
growing period may affect the health, reproduc tion, and lactation dur- 
ing the productive ‘period of the life eyele. Calves should be reared, 
for instance, on rations deficient in one or more elements or vitamins. 
Later, in the productive phase, records would be kept of their health, 
and their reproductive and lactation performance for comparison with 
normally fed animals. 

Irr igation of pastures.—In some sections, the irrigation of pastures, 
especially those heavily fertilized, could be very materially increased 
during July and August. However, irrigation is expensive so thiat 
information is needed on the ¢ omparative returns of irrigated pastures 
compared to nonirrigated pastures in order to determine whether such 
a practice would be an economical practice to follow. 
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Nutritive Vauvr or Butrrer ConsTiTuENTS 
(BDI--RM: a-348—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine what constituents, if any, of the butterfat and curd 
portions of butter have unique or essential nutritive values for man 
and animals. To develop methods for increasing and standardizing 
the proportion of such constituents in market butter. Current work is 
concerned with determining the comparative growth-promoting prop- 
erties of butterfats and buiters that are produced by cows on pasture 
feed and on nonpasture feeds. Comparisons are made by feeding 
these materials and other fats to rats, at different levels in the diet. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-348-1—Comparison of the nutritive properties of summer 
and winter butter, of summer and winter butterfat, and of butter 
compared with butterfat. To determine whether butter produced by 
cows on pasture and that produced by cows fed only barn feeds are 
different nutritionally in any way and whether such difference is in 
the butterfat portion or in the remaining fraction of curd, phospholi- 
pins, ete., of the butter, or in both. To determine whether, in general, 
there are significant nutritional differences between butter and butter- 


fat. 


C. HISTORY AND EVOLUTION OF THIS WORK 


It is quite generally believed, and some evidence exists, that butter 
contains substances which give it unique nutritional value. About 
1936, work was begun to determine the importance of butterfat and 
other fats in nutrition. (Asa subdivision of this work, investigations 
were initiated to determine the fatty acid content of butterfat, since 
in addition to the acids long recognized as being present in this fat, 
there were indications of others which had not been identified with 
certainty. This part of the work is reported elsewhere.) Am early 
major phase of the work dealt with the parts of fats that were con- 
cerned in the prevention and cure of the disorganization or “dystro- 
phy” of the muscles of herbivorous animals that develops when cod- 
liver oil is ineluded as a vitamin A and D supplement in certain types 
of diets fed to such animals. 

Later, emphasis was on the nutritive properties of butterfat as com- 
pared to edible vegetable fats such as cottonseed oil, corn oil, ete. 
Throughout these studies, as new vitamins and other nutritional fac- 
tors were discovered, and as more accurate knowledge became avail- 
able concerning quantities of the known vitamins needed by animals, 
and as new concepts in nutrition came into being, experimental re- 
appraisal of results, taking these factors into consideration, became 
necessary. The more recent work has been concerned with what nutri- 
tional differences exist between summer and winter butter and with 
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the proposition of determining in the light of present-day knowledge 
whether there are, compared to other edible fats, substances in butter 
which may give it unique nutritional properties, what these substances 
are, and their function in nutrition. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds used on this project amounted to $14,000 in 1949 and $15,000 
in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Fat-soluble vitamin E a preventive or cure of muscular dystrophy. 

A disorganization or “dystrophy” of the skeletal muscles of herbivo 
rous animals may occur as the result of feeding certain diets in which 
cod-liver oil is administered as a source of vitamins A and D. In con 
nection with the studies of the effect of hays of different quality o: 
reproduction in dairy cows, it was found that muscular dystroph) 
could be produced readily in rabbits fed such diets, if the hay in the 

ration was of poor quality but not if it was of good quality. An extract 
of good quality hay, which contained the fatty portion of the hay, was 
found to be effective against this illness. This work then first showed 
that pure synthetic vitamin E (alpha-tocopherol) would cure such 
dystrophy. 

Growth on butterfat, on butter, and on corn oil compared.—This 
work showed that when lactose was the only carbohydrate in rations 
containing 28 percent of butterfat on the one hand and 28 percent of 
corn oil on the other, the live weight gains of rats were less on the 
corn oil. Analyses of the carcasses of the rats after 8 weeks on these 
diets indicated that the greater weight gains on butterfat were due 
primarily to its greater fattening effect. Further work showed also 
that a high percentage of butter produced somewhat greater growt! 
than corn oil, when the latter furnished the same level of fat (30 per- 
cent in the diet) ; in fact, high levels of butter tended to give greate: 
growth than any level of corn oil which could be satisfactorily incor- 
porated in the ration. 

Growth on “pasture” as compare d to “barn” butter—No differences 
occurred in the weight gains, over an 18-week period, of young rats 

fed as the source of fat, on the one hand butter produced by cows o: 
pasture and on the other butter produced by cows fed only barn feeds. 
at the same percentage in the diet. The diets contained adequate 
amounts of all known essential nutrients, including the recently iso 
lated vitamin B,.. Increasing the percentage of butter in the ratio 
brought about graded increases in growth. 


F. SOME ADDITIONAL WORK NEEDEO 


Nutritional significance of the fatty acid composition of butt 
fat—The composition of butterfat, compared to most other fats, is 
characterized by a relatively high percentage of so-called volatile fatty 
acids. Investigations should be made of the nutritional significance 
of this unique composition. Work should also be carried out to de er 
mine whether variations in the composition of the butterfat itse! 
that may occur, are important nutritionally and if so, to arrive at 1 
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edge explanation of the difference and at methods of improving market 
utter butter in this respect. 
mces Nutritional value of constitutents of butter other than the glycer- 
ides and fat acids.—Butter, besides containing butterfat and fat-solu- 
ble vitamins, contains small, variable amounts of other milk constit- 
uents, for example phospholipins, milk proteins, etc. In consider- 
ing the nutritive properties of butter, account should be taken not 
only of the butterfat itself, but also of these other minor constituents. 
For example, only about 25 percent of the phospholipins of the orig- 
inal milk appear in the butter made from it. Some of these phospho- 
i, lipins have been shown to be functional in animals. 
‘al There should be an inve a. of the physiological function of the 
shich phospholipins in milk, the effects of these phospholipins on the nutri- 
Ciitin tive properties of butter, and the effects on the nutritive value of 
is a butter of varying the proportion of them that are recovered in the 
‘ophy butter. Another nonfat constituent of butter that may contribute 
thie to the nutritive value is the protein in it. Merely as protein, the 
ste! small percentage present would contribute negligible nutritive value, 
was but it is possible that the proteins may carry with them very small 
aemed amounts of nutrients that are of importance in nutrition. The film 
soiah, protein and other proteins of milk should be investigated to determine 
whether they contribute anything of importance to the value of 
_This butter. If minor constituents of butter such as those cited are of im- 
ag portance to the nutritive value of butter, methods of manufacture 
nt of should be developed to improve butter in these respects. — 
the Butte r constituents in re lation to bacte rial synthesis of n utrients.— 
ian It is well known that some vitamins are, under certain conditions, 
im due made by bacteria in the intestinal tracts of animals and thus aid in 
a providing the animal's requirements for them. Studies should be 
seventh made to determine whether butter constituents, and if so which ones, 
0 per influence such synthesis both of known and of as yet unidentified 
weatel nutrients. Comparative effects of butter and of edible vegetable 
es onye. fats in this respect should be carried out. 
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rences Dairy CatrLe MANAGEMENT STUDIES 
ig rats 
WS 0} 
feeds, 
equi ate 
ly iso To develop information on the effect of various management prac- 
ratio! tices on growth, health, and production of dairy cattle, in order to 
improve herd management practices and the efficiency of milk pro- 
duction in regions where the Bureau’s field stations are located. Cur- 
rently, the work is concerned with determining the effectiveness of 
penicillin and streptomycin in mastitis control. Work is also under 
way to determine the efficiency of drying loose and baled stacked hay 
with heat supplied by a portable drier. 


( BDI—a-2-5— Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 
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itself, a—2—-5-1—F actors involved in decline in summer milk production. 
eat al To determine the causes of the decline in milk production which 
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annually occurs during June, July, and August in most sections of 
the country, and to develop management practices for reducing the 
decline. 

a—2-5-6—Control and eradication of 7richomonas foetus in the 
Beltsville herd. In cooperation with BAI, to observe how the infection 
is transmitted and determine the role of management, sanitation, and 
medication in the elimination of the infection. 

a—2-5-9—Determination of the extent of mastitis infection in the 
Beltsville herd, and of the types of organism causing the infection. 
In cooperation with BAI, to determine the extent of infection in the 
Beltsville herd, the types of infection, and the effect of various methods 
of management and treatment used to control the infections. 

a—2—5-13—Frequency with which infections reappear after being 
eliminated by treatment. To determine whether the udder of a cow 
once freed of infection can be kept so, and to what extent infections 
reappear. 

a—2-5-14— Effect of sulfanilamide and Novoxil treatments for 
mastitis on the secretory tissue of the udder. To determine the extent 
to which various treatments for mastitis may produce tissue changes 
in normal, uninfected mammary tissue. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


The output of dairy cows is increased by improvements in housing, 
care, milking, or other phases of management just as the output of 
human labor is increased by improvement in working conditions. 
Along with the development of high-producing dairy cattle, it has 


become increasingly important to control diseases that interfere with 
efficienc y of milk production. Mastitis is one of the most costly and 
troublesome diseases with which the dairyman has to contend. Faulty 
management practices, such as the improper use of milking machines, 
deficient housing and bedding, ete., are said to contribute to the inci- 
dence of mastitis even though the disease itself is of bacterial origin. 
This project was inaugurated in 1924 to study the various management 
factors and attempt to develop better management methods. 


D. FUNDS—ANNUAL EXPENDITURES 


The estimated average annual rv gm on this project was 
approximately $45,000 from 1924 to 1942, and $42,000 from 1943 to 
1950, The 1950 allotment was $55,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


U se of antibiotics in mastitis control_—Penicillin has proved to be 
highly effective in eliminating various kinds of udder infections from 
the udders of cows in the Bureau of Dairy Industry herd. Against 
all kinds of infections treated, penicillin was found to be 87.8 percent 
effective, streptomycin was 78.8 percent effective, and penicillin and 
streptomycin administered together were 77.2 percent effective. The 
high degree of effectiveness of antibiotics offers much promise that 
mastitis can be controlled, provided proper sanitation and good pro 
cedures are followed in herd management. 





ne, 
of 
OS. 
has 
vith 
and 
ulty 
nes, 
ae 
ein. 


nent 


to be 
from 
‘ainst 
reent 
1 and 

The 
that 
| pro 


DAIRY 


Effectiveness of sulfonamides in mastitis control —In the Bureau 
of Dairy Industry herd infusions of sulfanilamide and sulfadiazine, 
separately or in combination, were found to be 77.6 percent effective 
in eliminating infections from the individual quarters of cow udders. 
For all kinds of infections there was little difference in effectiveness 
between sulfanilamide alone and the two drugs administered together. 
Unfavorable reactions were almost nonexistent and the administra- 
tion of the sulfonamides did not have any significant depressing effect 
on milk secretion. Adding urea to sulfanilamide preparations re- 
sulted in a slight decrease in average effectiveness. 

Heavy cottedsced. meal feeding was shown to have little if any rela- 
tion to udder traubles in dairy cows.—This information has served 
to correct a common belief among dairymen that high-protein rations 
cause mastitis. 

Making grass and legume silages without adding preservatives.— 
A method was developed for making silage from grass and legumes 
without the use of preservatives or other materials, such as molasses, 
acid, corn meal, or other dry substances. The use of such materials 
adds to the cost of putting up the silage, and it was found that the 
secret of making good silage from legumes and grasses was the mois- 
ture content and the exclusion of air in the material when it is ensiled. 
This method has been used for many years and is being generally 
adopted in field practice. A practical. method of determining the 
moisture content of such material was devised. 

Stack silage-——A good quality of silage can be made by the stack 
method with approximately 90 percent the efficiency of the upright 
silo. More care, however, must be taken in its preparation. 

Rotational and continuous grazing of pastures in western Washing- 
ton.—The additional yields of nutrients obtained from rotational 
grazing as compared to continuous grazing did not pay for the extra 
costs involved, and did not improve the quality of the pasture grass 
from the standpoint of chemical composition. The practice has con- 
siderable advantage in the employment of other pasture-management 
practices. 

The valve of ligtid manure as a fertilizer ee pasture.—The use of 
liquid manure gave an average increase of 8.3 percent of nutrients 
over an untreated pasture. In terms of milk production the increase 
obtained was calculated to be greater than the costs of the treatment. 

The ice well for the dairy farm.—An ice well constructed in North 
Dakota proved to be an economical and practical means of furnishing 
cold storage for dairy products throughout the summer months. 
Water was run into a pit or well during cold weather and allowed 
to freeze in a solid cake. The ice lasted for an average of 4 months 
during the summer. This method of providing cold storage was 
widely used in the area before modern refrigeration methods were 
available. 

Cows favor being fed tewice a day—Cows fed twice a day ate 10 
percent more alfalfa hay, produced 6 percent more milk, and required 
70 percent more labor for feeding than when they were fed once a 
day. The differences are small but distinctly in favor of twice a day 
feeding as compared to once a day. 
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Comparison of a trench with an upright silo at Woodward, Okla.- 
This was one of the first comparisons made between upright silos and 
trench silos and undertaken when trench silos were first proposed. It 
is estimated that between 250 and 500 trench silos were built in western 
Oklahoma as a result of this work. 

Relative milk production of cows in pen barns and stanchion 
barns.—The loose stabling system. of bicaiiting cattle (with a smal! 
separate barn for milking) was developed at the Bureau’s regiona! 
field stations over a period of years. These experiments showed that 
when fed limited grain rations cows produced on the average 7 percent 
more milk when they were housed loose in stables than when they 
were kept confined in stanchions. When fed full grain rations cows 
produced 19 percent more milk under loose stabling. The cows were 
more comfortable and there was less foot trouble and lameness under 
ioose stabling conditions. The loose stabling system of handling 
cattle has been widely adopted, largely as a result of this work. 

High summer temperatures cut milk production. —Drop in milk 
production is not immediate when the temperatures rise. There is 
a lag of about 2 days, preliminary studies indicate. The assumption 
is that the feed intake is reduced as the high temperatures affect the 
appetite and this reduced feed intake is reflected in lowered produc- 
tion. Management practices that will make the cow more comfortable, 
increase in the palatability and succulence of the ration, with plenty 
of drinking water, will tend to overcome production drop. 

Stack drying of loose and baled hay—Much of the nutrient content 
in the hay crop is lost because of the loss of leaves in curing. Most 
of the leaves could be saved if the hay were put up (or baled) with 
a moisture content of 25 to 30 percent. Portable driers are now avai! 
able with heat units. Preliminary trials with a portable drier indicate 
that hay with 25 to 30 percent moisture can be successfully dried in 
the stack, or baled and dried in a similar manner, to produce hay of 
good feeding quality. One lot of hay baled with too high a moisture 
content spoiled and was not suitable for feeding experiments. 


F. SOME ADDITIONAL WORK NEEDED 


Develop and expand the research program in pasture improvement 
on a regional basis.—Results of fertilizer treatment and management 
of pastures in the eastern Coastal Plains area, for example, are not 
applicable to conditions obtaining in the Midsouth or Gulf coast 
areas. By conducting this research on a regional basis, those forage 
and pasture plants best adapted to particular regions can be evaluated 
under actual grazing with dairy cattle and utilized in the management 
work. This work ties in with soil conservation programs which var) 
considerably under regional conditions. 

Stack drying of loose and baled hay.—Preliminary work has indi 
cated that loose hay or baled hay can be piled in stacks on racks in suc!) 
a manner that air and heat can be forced through the stacks. Infor- 
mation is needed on costs of the stack drying and the maximum amount 
of moisture that can be present without hay spoilage. 

Pasture irrigation.—Few areas have sufficient rainfall during the 
hot summer months to prevent a sharp decline in carrying capacit) 
of pastures which results in a sharp decline in milk production, Ke 
search is needed to find out how efficient sprinkler irrigation would be 
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in preventing this slump and the relative costs involved. This re- 
search should be accompanied by better pasture management and 
should be on a regional basis. 


ORGANIZATION AND OPERATION OF Datry-Herp-[wprovemMeNtT 
ASSOCIATIONS 


(BDI—a-—4+-1—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the effectiveness of the Nation-wide dairy-herd-improve- 
ment-association program, which is conducted cooperatively with the 
various States through locally organized and operated dairy-herd- 
improvement associations. It is necessary that these local associations 
be organized according to sound principles so they will continue to 
exist year after year. It is also necessary that the associations 
operate efficiently so that all testing and record-keeping work will be 
conducted according to a uniformly high standard. The current 
work is concerned particularly with a study of the different types of 
dairy-herd-improvement associations operating in the various States 
and with the appraisal of the success of each. In addition, studies 
are made of the methods of recruiting association supervisors, the type 
and extent of training they receive before reporting for work, and the 
amount of supervision they require in the associations, in order to 
determine the procedures and practices which yield the most satis- 
factory results. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—4—1-1—To determine which type of cooperative organization 
operates most effectively and with greatest success. To study the type 
of organization and methods of operation to determine the most prac- 
tical, economical, and efficient organization for the different areas of 
the count ry. 
C. HISTORY AND EVOLUTION OF THIS WORK 


The first dairy-herd-improvement association was organized in this 
country in 1906. The success of the first association and the pos- 
sibilities afforded by such associations for improving dairy herds were 
soon recognized, with the result that the program was made a project 
of the United States Department of Agriculture in 1909. The Depart- 
ment then promoted and extended the program on a cooperative basis 
throughout the country. Since the program is completely dependent 
on the local cooperative organizations, studies have been continued 
through the years to provide current information on the efficient 
organization and operation of the associations. In this work the 
Bureau cooperates with the State college extension services and appro- 
priate committees of the American Dairy Science Association. The 
importance of the work is indicated by the growth of the dairy-herd- 
improvement-association program. In 1906 the first association was 
organized with 31 herds consisting of 239 cows. By 1950 the program 
had grown and extended to every State, Hawaii, and Puerto Rico, 
with 1,973 associations in operation, listing 40,100 herds consisting 
of 1,088,872 cows. The maintenance of the local associations and their 
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efficient operation are fundamental to the Nation-wide dairy-herd- 
improvement program. 


D. FUNDS—-ANNUAL EXPENDITURES 


An estimate of the annual expenditures from 1909 to 1928 ranges 
from $1,000 to $5,000. Since 1928 the annual expenditure has varied 
from $6,000 to $10,000, and was $10,000 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Preparation and publication of Farmers’ Bulletin 1974, The Dairy 
Herd Improvement Association Program.—This publication gives in- 
formation on the purpose, program, organization, and operation of 
dairy-herd-improvement associations, including suggested forms of 
constitutions and bylaws and supervisor contracts. This information 
aided greatly in informing association members and dairy leaders in 
the organization and operation of dairy-herd-improvement associa- 
tions. 

De V6 lopme nt of loose -l af life time he ra record book provides wn. 
form record keeping forms for all testing work throughout the country, 
reduces and simplifies the record keeping work of the s supervisor, w hich 
has resulted in improved quality of the record keeping work. 

Development of computing tables for use of supervisors in calculat- 
ing the records which has reduced the work involved and improved 
the accurac y of the records. 


F. SOME ADDITIONAL WORK NEEDED 


Continued studies of the operation of dairy-herd-improvement asso 
ciations are needed to keep the associations operating at peak efficiency 
under current conditions. 


ComptLing Dara For Improving Darry Herps 
( BDI—a-4-3— Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To summarize the yearly feed and production records of cows in 
dairy-herd-improvement-association herds, in order to show the re- 
lationships between feed cost, income over feed cost, and milk and 
butterfat production per cow at different levels of production, and 
to show the level of production below which cows should be culled. 
The current work is particularly concerned with a study of the 
amounts of silage, hay, days on pasture, and grain concentrates fed 
per cow to produce a given amount of milk and butterfat in dif- 
ferent localities within a State and also in different geographical 
sections of the United States. The results of the study are tabu- 
lated and furnished to the various States for use in recommending 
changes in feeding and management practices which will contribute 
to more efficient and economical milk production. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


a-4-3—1—To determine the relation of total feed cost to milk pro- 
duction at various levels of production. 

a—t—3-2—To determine the relationship of total feed cost to butter- 
fat production at various levels of production. 

a—t-3-3—To determine the relationship of cost of grain to milk 
and butterfat production at various levels of production. 

a—t-3-4—To determine the relationship of level of production to 
income over feed cost. 

a—t+-3-5—To determine the extent and reasons for culling and its 
effect on income over feed cost. 


C,. HISTORY AND EVOLUTION OF THIS WORK 


The study of feed and production records of cows on test in dairy- 
herd-improvement associations began in 1916 and became an important 
part of the testing program in 1925 when punch-card equipment for 
summarizing the “data was installed. This made possible a sum- 
marization and analysis of data which was particularly valuable to 
daitymen and dairy leaders. Through the years the tabulations and 
analyses have not only resulted in establishing sound prince iples of 
feeding and management of dairy herds under actual farm conditions, 
but the year-to-year analyses provide information for adhering to 
those principles. The studies have shown that many cows are low 
or unprofitable producers because they are not given as much feed 
as they are able to convert into milk. The studies have also shown 
that many factors, aside from amount of feed, enter into the efficiency 
and profitableness of milk production, such as price of product, cost 
of feed, overhead, producing ability of the cows, ete. Dairymen in 
associations who have feed cost and production records on each 
cow in the herd and use the yearly tabulations and analyses of the 
data are always in position to intelligently change their manage- 
ment practices to make the herd produce more efficiently and 
profitably. 

D. FUNDS—ANNUAL EXPENDITURES 


The annual expenditure varied from approximately $500 in 1916 
to about $30,000 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHIIMENTS 


Hl rds and COUS mn dairy- he rd- im prove Mieé nt ASSOC 1ations have Lye én 
improved.—In 1906 the average production level of association cows 
was 5430 pounds of milk and 215 pounds of butterfat. By 1949 
the average production level of association cows had been improved 
until nearly a million cows on test produced on the average, 8,907 
pounds of milk and 359 pounds of butterfat. This high production 
level is in striking contrast to the present average production level 
of all cows of the Nation, which is 5.200 pounds of milk and 208 
pounds of butterfat. 
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Association herds serve as demonstration herds to further the gen- 
eral adoption by all dairymen of improved dairy-herd-management 
practices. It has been repeatedly demonstrated that the butterfat 
production level of the average herd can be increased at the rate of 
10 to 15 pounds yearly for the first 5 to 10 years the herd is tested 
and that the high production level developed can be maintained by 
continuous testing and record keeping. 

The basic practices established for improving dairy herds are: 
(1) Cull unprofitable cows from the herd, (2) feed the remaining 
cows according to their individual production, and (3) breed the 
best animals in the herd for producing herd replacements, thereby 
gradually improving the inherent producing capacity of the herd. 


F. SOME ADDITIONAL WORK NEEDED 


Continued compilation of year-to-year data is needed to provide 
current information to dairymen and dairy leaders on feeding and 
management of dairy cows in dairy-herd-improvement associations. 


PROBLEMS OF ORGANIZATION AND OPERATION OF Farms (Datry) 


(BAE—a-1—20—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and 
in ch, 24, Economics of Production ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the ways and the extent to which farm incomes on 
typical dairy farms can be increased by use of improved practices on 
pasture and hay crops, by adjusting the proportion of farm land used 
for forage crops, and by making related adjustments in the dairy 
enterprise. 

B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-20-5—Economic evaluation of improved practices in the man 
agement of pasture and hay crops on dairy farms in the Northeast. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See ch. 24, Economies of Production.) 


D. FUNDS—-ANNUAL EXPENDITURES 


(See ch. 24, Economics of Production.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


On a sample of dairy farms studied in central Pennsylvania, rela 
tively little forage improvement has been made by farmers, but the 
opportunities are great. The operator of a typical ‘dairy farm in that 
area, by adopting to a reasonable degree the recommended forage 
practices and by making related adjustments in his farm business, 
could increase his net income by about 25 percent. 
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F, SOME ADDITIONAL WORK NEEDED 


Similar work is needed in other areas where production and market- 
ing conditions are different. 


Farm Costs anp Rercurns (Datry) 
(BAE—a~-1-—23—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
ch. 24, Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure changes from year to year over a period of years and to 
keep current estimates of acreage and livestock numbers, investments, 
costs and returns on important sizes and types of commercial farms 
in selected major type-of-farming areas. Such estimates provide 
farmers and others with information on annual changes in costs and 
returns in farming from 1930 to the present. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-1-23-6—F arm costs and returns on commercial family-operated 
dairy farms in Minnesota and Wisconsin. 

a-1-23-9—Farm costs and returns on commercial family-operated 
dairy farms in the central Northeast specialized dairy area. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See ch. 24, Economics of Production.) 


D. FUNDS—-ANNUAL EXPENDITURES 


(See ch. 24, Economics of Production.) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Work on the above line projects is not yet completed. (See ch. 24, 
Economics of Production for general statement on accomplishments. ) 


F. SOME ADDITIONAL WORK NEEDED 


(See ch. 24, Economics of Production.) 


Economics oF Farm MECHANIZATION AND OTHER IMPROVED 
Tecuniques (Datry) 
(BAE—RM: b—62—Federal-State—RMA Funds) 
rela 
t the 
that To (1) learn the ways and the extent by which labor, feed, and other 
rage costs can be reduced on dairy farms and (2) outline the combinations 


Mess, and methods of use of improved low-cost techniques that are adapted 
to typical dairy farms. Current work involves cooperation of farm- 


A. PURPOSE AND NATURE OF CURRENT WORK 
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management workers, dairy husbandmen, agronomists, and other 
speci: alists in select ing applic: able improved practices and in estimating 
the costs and returns associated with a farmer’s use of each practice or 
combination of practices in recommended systems of farming. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-62.2a—Opportunities for reduction of costs in dairy farming 
in the Lake States. To make an inventory of systems of farming and 
production practices now used in typical farming situations in the 
Lake States, especially in southeastern Michigan, and a reconnaissance 
analysis of the opportunities for lowering the costs of producing milk 
and increasing net returns to farmers in each situation through the use 
of improved farming practices. 

RM: b-62.2b—Profitable combinations of feeds for producing milk 
in southeastern Michigan. To learn, by tests conducted on dairy 
farms, the economic effects of varying the proportions of concentrates 
and roughages fed on production of milk and the costs and returns 
under various conditions of (1) producing ability of the cows, (2) 
kind and quality of hay and pasture, and (3) price relationships. 

RM : b-62.3a—Op portunit ies for reduction of costs in dairy farming 
in New England. ‘To make an inventory of systems of farming and 
production practices now used in typical farming situations in New 
England and a reconnaissance analysis of the opportunities for lower- 
ing the costs of milk production and increasing net returns to farmers 
in each situation through the use of improved farming practices. 

RM: b-62.3b—Profitable combinations of owned and hired machin- 
ery and equipment for New England dairy farms. ‘To work out more 


profitable combinations of owned and hired machinery and equipment 
for representative New England dairy farms, especially to learn the 
extent to which hiring custom services done by specialized operators 
would influence the farm organization and reduce the costs on dairy 
farms. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Economic investigations of dairy farming were begun in 1907. They 
consisted primarily of a description of successful dair y-farming oper- 
ations of selected farmers. Later, records of the performance e on 
groups of dairy farms were compared, and the interrelationships be 
tween ¢ omputed efficiency factors and net farm income were measured 
to indicate principles of profitable dairy farming. This was followed 
by collection and analyses of detailed records of costs of producing 
milk on many individual farms and by the development of budgets of 
suggested systems of profitable dairy farming for typical farming 
situations, which varied with respect to the amounts and combinations 
of resources controlled by the operator and the prospective price sit 
ation. Improved techniques in experimental work with dairy herds 
and in producing and utilizing feed crops have made possible the 
present emphasis on budgetary analysis of prospective costs and re- 
turns of altern: itive systems of dairy farming. 


D. FUNDS—-ANNUAL EXPENDITURES 


Since 1948 the annual expenditure of RMA funds has ranged from 
$14,000 to $26,000. The expenditure i in 1950 was $26,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of improved dairy farm organization.—Comparisons 
of present and improved systems of farming on one-, two-, and three- 
man dairy farms in New England and the ‘Lake States indicate that 
net returns from each size of operation could be more than doubled by 
full use of improved practices. They also indicate that the cost of 
producing 100 pounds of milk could be reduced considerably below the 
costs under the usual practices. Scale of operation does not substan- 
tially affect the costs per hundredweight of milk where improved prac- 
tices are fully used in each size of operation. 

Establish ie nt of é CONOMIAC im portance of forage in ie ducing COSTS in 
dairying.—Comparisons of present and improved systems of dairy 
aeing indicate that the most promising cost-reduction possibility, 
but the one that has received least attention by most dairy farmers, is 
improved forage production and utilization. This is especially so for 
pastures, most of which are much below potential capacity during the 
hot summer months. The greener pasture contests throughout New 
England are recognition of the profitability of good pastures in dairy 
farming. 

Appraisal of place of modern mac hinery on small dairy farms.— 
One tractor is enough for most dairy farms in the Lake St: ates th: at have 
(0 to 80 acres of crops. A set of machinery for preparing, seeding, 
and cultivating the land is needed by each farmer. But, on "the basis 
of relative investment and labor required, the small dairy farmer will 
find it more economical to buy a small field forage harvester jointly 
with two of his neighbors than to buy a hay loader, corn binder, and 
part interest in a stationary silage cutter. A satisfactory and more 
common way is for one farmer to own the machine and harvest his 
neighbor’s grass silage and hay and corn silage on a custom basis. A 
farmer who has a grain binder still in good condition and lives in a 
community that has a threshing ring will find no financial advantage 
in changing toa combine. Most operators of typical small dairy farms 
will find it more economical to hire their corn picked and their weed 
spraying done than to buy a picker and a sprayer and do the work. 

De velopme nt of improved methods of doing dairy chores.—W ork- 
simplification investigations on dairy farms have shown how the 
time spent in caring for the dairy herd can be reduced from 25 to 40 
percent by improving the barn lay-out, the equipment used. and the 
work methods. By improving chore practices, a larger herd can be 
handled by the usual labor force. 


F. SOME ADDITIONAL WORK NEEDED 


Similar studies in additional areas.—In periods of falling prices and 
lagging costs, dairy farmers feel the squeeze more than other farmers, 
partly because the use of cost-reducing techniques on dairy farms 
has not kept pace with improvements in producing many other com- 
modities. Opportunities for cost reduction need to be appr used in 
other dairy areas in the Northeast, the Lake States. the Pacific Coast 
States, and in many developing dairy areas in the South and in the 
veneral-farming region. 

Npeeding up investigations of the relation of cost factors to out- 
put.—The reconnaissance studies, while indicating important ways 
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of reducing costs, have also focused attention on many gaps in in. 
formation concerning the management of dairy farms. A growing 
body of research in the United States Department of Agriculture an 
at the land-grant colleges is designed to point the way to opportu 
nities for reducing costs, but many of the relationships between dif 
ferent kinds and quantities of feed fed, and other costs of output, 
that are used in current economic appraisals are necessarily based upon 
experienced judgments instead of research results. Much available 
research data, although of value for other purposes, have only limite:| 
direct usefulness in making an economic appraisal of alternative sys. 
tems of farming. New studies should approximate as closely as 
possible the conditions found on representative farms; they shou|( 
provide data throughout the range of practical intensity of use of eac!) 
usual and improved practice and show the range of substitution of 
one practice for another. An example of the kind of problems nee« 
ing further attention is found in the need for knowing the production 
of milk that may be expected from cows of different sHaeistire ca- 
pacities—ineluding cows of the capacities usually found on typical! 
farms—when they are fed at different levels of total feed and differen: 
proportions of roughages and concentrates. Close cooperation be- 
tween farm-management and natural-science research workers 
more detailed studies would provide more definite answers. 
See also chapter 24, BAE, RM: b—62. 


RELATION OF THE Datry Cow’s ANATOMY TO Propuctne ABILITY 


( BDI—a-—2-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the interrelationships between body form, internal 
anatomy, and mammary-gland development in the dairy animal and 
her capacity for milk and butterfat production. The study is par- 
ticularly concerned with the establishment of a reliable basis for 
selecting animals capable of superior production and for culling in- 
ferior producers in cases where production records are not available. 
A further objective is the establishment of a basis for reliabl) 
evaluating potential producing ability during early calfhood, thus 
avoiding the raising of individuals that, at producing age, will be 
incapable of profitable performance. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-2-7~18—Relation between body form in the growing heifer and 
body form and producing capacity in the cow. To determine thie 
degree of accuracy with which the body conformation (type) and 
producing ability of the cow can be prejudged by examination of the 
heifer during calfhood. 

a—2-7-19—Interrelationship between body form, internal anatomy, 
and producing capacity in the cow. To provide a reliable basis for 
the identification and selection of superior cows and for the disposal! 
of inferior ones when records of production are not available. 

a-2~-7-20—Studies of the rate, form, and significance of mammary- 
gland development in the calf. To determine the reliability of evalua- 
tion grades for relative degree of mammary-gland development 1p 
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the heifer calf at 3 to 6 months of age, for indicating her potential 
capacity for milk production, thus providing a basis for selectior 
dusiae early calfhood. 

a—2—-7-21—Studies of various characteristics and changes in the 
udders of cows during lactating life. To study various characteristics 
of the udders of cows of different breeds, their changes with advance 
in the stage of lactation and age, their significance with respect to 
lactating capacity, and their relation to the gross anatomy of the 
udder. 

a—2—7—22—-Post mortem studies of the capacity, anatomical struc- 
ture, and hy sical properties of the tissues of amputated cow udders. 
To determine the significance of weight, capacity, gross structure, 
sponginess, and porousness of the udder tissues in cows for which 
complete histories of mammary development and producing perform- 
ance have been recorded. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Six million cows are required each year for replacements in the 
dairy herds of the United States. Less than 5 percent of the milk 
cows in these herds are tested for milk and butterfat production. 
Thus the ability to identify superior producing animals is vital 
to dairymen in order that their selections may include the cows that 
will be the most profitable producers. Dairy cattle shows at which 
cattle are rated on their body conformation (type) have been held on 
a national basis for some 75 years. The show ring has to a great 
extent provided the basis for all levels of educational work pertain- 
ing to dairy cattle type. The theories supporting current ideals of 
type are largely empirical and based to a great degree on the suppo- 
sition that type is highly indicative of milk producing ability. 

Detailed studies have ‘been made of the body form (type) ‘and the 
internal anatomical structure (size of all organs and body parts) of 
more than 1,000 cows with records of production to determine what 
characteristics of body form are indicative of excellence in perform- 
ance. Analysis of the data obtained is now in progress and should 
give information on the reliance that can be placed on selecting animals 
for production on the basis of their body form. Meanwhile studies 
were made of body form at various ages during calfhood to ascertain 
whether or not it is indicative of body form in the cow and to deter- 
mine the significance of body characteristics in the young animal in 
evaluating future performance. Fundamental information was ob- 
tained by making detailed studies of the body form, anatomy, and 
skeletal structure of animals highly specialized for extremely diver- 
gent purposes (beef and milk production). From the beginning at- 
tention has been devoted to the anatomy of the udder and the time, 
quantity, and rate of milk secretion. More recently emphasis has been 
focused on attempts to provide a basis for selecting profitable pro- 
ducers at an early age by evaluating their mammary-gland develop- 
ment during calfhood. 


D. FUNDS—-ANNUAL EXPENDITURES 


Costs of this project from 1920 to 1942 averaged approximately 
515,000 yearly. From 1943 to 1950 the costs averaged about $16,000. 
The costs were $20,000 for the 1950 fiscal year. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In 1926 it was shown that milk secretion is continuous and not 
limited chiefly to that brief period during which the cow is being 
milked.—These results have completely revised many of the ideas 
about milk secretion and have provided a basis for much of the in- 
vestigational work relating to the physiology of lactation which since 
has been conducted by many workers in this and in other countries. 

Internal veins of udders adequate for return of blood from cow's 
udder.—The importance of an abundant blood circulation through the 
udder of lactating cows has long been stressed. It was found that the 
internal veins are large enough by themselves to take care of the re- 
turn of blood from the udder. Abundant veining on the surface of the 
udder and large tortuous milk veins leading from the udder through 
the large milk well on the abdominal wall, which have been given much 
attention by judges, are not indicative of superior milk-producing 
ability. 

Supe rior milk produce rs selected on the basis of their udder deve lop- 
ment as calves.—The degree of mammary-gland development in the 

calf has been found, in ‘preliminary studies, to be indicative of its 
ecibiid ing capacity asa cow. Procedures for evaluating and grading 
the degree of mammary gland development of indiv idual calves have 
been established. The reliability of using evaluation grades as an 
estimate of potential producing ability is now being “subjected to 
tests under field conditions. If it proves reliable under these con- 
ditions, it will mean that calves can be selected, either for future pro- 
duction or for disposal, when they are only about 4 months of age, 
and that a preliminary appraisal of the transmitting ability of 

sire may be obtained from 2 to 3 years earlier than now is sania. 

Cancer nonexistent in dairy cow's udder.—Post mortem anatomical 
studies of hundreds of udders showed none to contain a cancerous 
growth. It is concluded that cancer is virtually nonexistent. in the 
cow's udder. It is comforting to know that this is true in the gland 
that provides one of the most important human foods. 

Structures by which cow’s udder is supported.—Fundamental in- 
formation has been obtained regarding these structures that makes it 
possible better to understand why the udders of high-producing cows, 
especially if the udders are exc essively large or fleshy, may overtax 
their supporting structures and break away from the body. to become 
unsightly, difficult to milk, and subject to injury and disease. Ap- 
pare mntly the inherited weakness of these structures and the excessive 
weight of udder and its contents are the chief causes. Therefore 
selection of breeding stock with an inheritance for well-supported 
udders, combined with frequent milking of heavy producers, should be 
effective preventives. 

Finding the first cow ovum.—The first fertilized ovum ever obtained 
from the fallopian tube of a cow was recovered March 15, 1930, through 
cooperation of the Carnegie Laboratory of Embryology. This ac- 
complishment has thrown light on many questions pertaining to the 
time of ovulation, time of fertilization, conditions favorable to fer- 
tilization, and characteristics of the ovum—questions of fundamental 
importance to the biologist, the geneticist, and the cattle breeder. 

Beef cows lacking in mammary-gland tissue—Fundamental facts 
were obtained by comparing the external form, the internal anatomy, 
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and the skeletal structure of a cow representing the extreme dairy con- 
formation with a one-time world’s record for butterfat production, 
with a cow of the extreme beef type. Externally the two cows differed 
greatly. The dairy cow’s udder consisted almost entirely of glandular 
tissue, while that of the beef cow contained little except a mass of fat. 
Beef cows apparently are inferior producers because they do not have 
the inheritance for the development of adequate mammary-gland 
tissue. 

Skeletal differences of cow and bull—Fundamental information 
was obtained with regard to differences in body form, size of organs, 
and skeletal structure of a cow and bull of the same breed. External 
differences were chiefly the presence of a “crest,” a low fore-chest de- 
velopment, and great head breadth in the bull. Although the bull’s in- 
ternal organs were larger, only two were as large in relation to live 
weight as in the cow. Skeletal differences consisted chiefly in the 
bull’s heavy vertebrae in the neck and in his small, narrow pelvis. 

Determination of rate of development of the fetus —Anatomical 
studies of 115 fetuses showed the rate of development of the various 
parts, the changes in body proportions of the growing fetus, and the 
breed and sex differences in weight. This information is of value in 
interpreting the results of studies of inheritance, growth, nutrition, 
physiology, lactation, body form, and anatomy. It is particularly 
valuable from a scientific point of view. 

Body form in the calf indicative of body form in the cow.—The 
body dimensions of the calf at 3 to 6 months of age have been found 
to be very highly correlated with the corresponding body dimensions 
of the cow, indicating that the type of the cow can, to a considerable 
extent, be foreseen by examination of the calf. 

Small thyroids in cows from Southern States.—Studies of cows 
from different geographical areas show that dairy cows in the South- 
ern States have much smaller thyroid glands than cows of the same 
breed and corresponding age in the Northern States. They also show 
that the weight of thyroid increases progressively with increase in age 
of the cow. In view of the importance of the low average production 
of cows in the Southern States, this difference in the thyroid weight 
of cows from these areas should stimulate thought and research by 
specialists in various fields in the interest of raising production in 
Southern States. 

ldentification of the freemartin.—A very high percentage of heifer 
calves that are twin-born with bulls are sexually abnormal and incap- 
able of reproduction and are called freemartins. A detailed study of 
a number of heifers twin-born with bulls revealed certain physical 
characteristics that may be relied upon with reasonable certainty to 
identify freemartins, which are useless as herd replacements. 

Effects of inbreeding.—Intensive inbreeding in a herd of grade 
Holstein cows has been found to result in a decline of about 15 percent 
in body weight, 8 percent in milk production, and 17 percent in butter- 
fat production. Skeletal size was not materially affected. Some inter- 
nal organs were reduced in size, some were increased, and some were 
unaffected. 

Weight and capacity of udder in relation to production.—Definite 
positive relationships have been found between udder size and udder 
capacity and milk-producing ability. 
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Standards for increase in size of udder in the heifer—The expected 
‘ate of increase in weight and in capacity of the udders of heifers 
from 3 to 6 months of age has been determined. Except at the earliest 
ages, weight and capacity as determined post mortem were highly 
correlated with grades for relative udder development as determined 
by palpation in ‘the living animal. This confirms the value of using 

‘arly palpation grades in predicting future producing capacity. 

Gross udder structure not closely related to production —Extreme 

variations in gross structure occur among individual cow udders. 
They may be “classified into general types such as dense, porous, 
open cistern, honeycomb cistern, etc. This indicates that the gross 
udder structure has no relation to milk producing ability. 

Infected quarters of the udder in calves.—Studies have been made 
of infected quarters in calves as young as 30 days or less that were 
found to be discharging pus. Unless treatment was administered, 
milk was not obtainable from these quarters when the animal fresh- 
ened as a cow. Post mortem studies showed that the gland had 
developed and that milk or colostrum had been formed but that scar 
tissue above the cistern or teat prevented removal of the milk and as 
a result involution of that quarter followed promptly. Early treat- 
ment of the infection will prevent the loss of quarters. 

Swelling of the udder at calving time.—Dairy cows differ greatly 
in the amount of swelling in their udders at calving time. This swell- 
ing was found to be a condition in which fluid collects in the subeu- 
taneous tissues, but it does not appear to invade or affect the secret- 
ing tissue to any appreciable extent. 

Milk yields and rates of milking.—A study of milk yield of individ- 
ual quarters of the udder showed that on an average approximately 
42 percent of the milk is obtained from the front quarters and 58 per- 
cent from the rear ones. The rate of removal of milk from each quar- 
ter was determined for successive periods during the course of milk- 
ing by machine. Rates vary during the course of a single milking 
and from one milking to another. They differ greatly for different 
cows. The results have contributed information pertinent to the 
adoption of proper milking procedures. 

Variations in the body “form and anatomy of cows.—A summary 
of data obtained on nearly 600 cows has been prepared to show the 
average magnitude of each of 36 body measurements and weights or 
measurements of about 80 internal organs and body parts. In addi- 
tion to averages, the maximum and minimum values, and the average 
for large, medium, and small cows, are shown. Five breed groups are 
represented. This summary shows the anatomical make-up of the 
dairy cow. It has been extensively used by research workers and 
others in various fields of endeavor. 

Judging dairy cattle on the basis of type and records of produc 
tion—A plan has been developed whereby both type and production 
records can be taken into account on a definite numerical basis in 
placing cows in a show ring or in selecting them for dairy use. It 

can be applied also to ey ‘aluating herd sires. It is of particular value 
in that it gives definite consideration to performance rather than 
making show-ring placings entirely on the basis of perfection of 
body form. This judging plan has recently been adopted for training 
vocational agricultural students. 
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F, SOME ADDITIONAL WORK NEEDED 


Physiological research is needed to determine to what extent the 
inheritance of endocrine balance may determine the producing capac- 
ity of a cow. 

‘Histological studies of the mammary glands of calves are desired 
in order that the character of the gland tissues present at various ages 
and stages of development may be better understood. 

Studies are needed to determine the effects of temperature, humid- 
ity, nutrition, soil composition, and other factors on size of thyroid 
in cows in order that the existence of the small thyroids found in 
Southern States may be explained and the low production in those 
areas corrected, 


ReLATion OF Hormones TO MAMMARY GrRowTH AND MILK PropucTrion 
(BDI—SRF-2-117—-Federal—Special Research Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The long-time aim of this research is to determine what physiologi- 
cal conditions are essential for maximum milk production. Current 
objectives are: (1) To determine which hormones are important in 
regulating mammary gland growth in dairy cattle. To this end, dairy 
heifers are injected with various combinations of hormones. The 
degree of udder development and the normality of the tissue devel- 
oped by the several treatments are determined by histological and 
other criteria. (2) To determine the effects of factors such as nutri- 
tional state on the secretion and action of hormones or on the glands 
which affect udder growth and lactation. In both laboratory animals 
and dairy cattle, the effects of different levels of feed intake and the 
effects of variations in certain constituents of the ration on the size 
and funetion of the glands are determined. These observations are 
correlated with observations on udder growth and lactation of these 
animals, 

B. CURRENTLY ACTIVE LINE PROJECTS 


None. 
C. HISTORY AND EVOLUTION OF THIS WORK 


In 1935 work was undertaken, in cooperation with the Bureau of 
Animal Industry, to study the physiology of reproduction and lacta- 
‘ion in farm animals. The work involved assaying the blood and 
urine of bulls for hormone and hormonelike materials and relating 
these materials to the reproductive performance of the bull. Work 
was also undertaken to develop a chemical or physiological means of 
determining early pregnancy in cows. When it was observed that 
certain plant juices contained materials which, when consumed or 
injected into laboratory animals, affected the female reproductive 
organ and its function, the work was somewhat modified to investi- 
gate the nature and physiological effects of these substances. Since 
certain hormones secreted by the pituitary gland influence the funce- 
tions and secretions of the sex organs and mammary organs, gland 
work was also included to develop improved biological methods of 
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assaying the pituitary gland for its hormonal content. Various 
hormone and hormonelike substances were used to determine their 
values in initiating ovulation and in initiating lactation in goats and 
cows. 

When it was shown that vitamin A deficiency in the bull had an 
adverse effect on the pituitary gland and the reproductive funetio: 
of the bull, detailed studies were undertaken of the eae al changes 
in the pituitary and sex glands of bulls in vitamin A deficiency. 

In 1948 the project was modified to include only those studies 
concerned with hormonal factors involved in lactation. 


D,. FUNDS-—-ANNUAL EXPENDITURES 


The annual expenditure of funds on this project averaged about 
$9,400 per year from 1935 to 1942; $9,000 per year from 1943 to 1950, 
and $9,800 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Vitamin A deficiency affects reproduction in bulls.—The pituitary 
gland and the hormones produced by it are important in the regulation 
of reproduction, udder growth, and ‘lactation in dairy cattle. Vitamin 
A deficiency in young dairy bulls was found to produce cysts which 
damage the pituitary “gl: ind. These pituitary cysts were accompanied 
by changes in the structure of the testis and by reduced sexual activity 
and probably fertility of these bulls. This work illustrates the prob- 
able interdependence of nutrition and hormones. 

Restricted feed intake affects reproduction—TVhe restriction of 
feed intake to 65 percent of requirements did not appear to affect the 
fertility of dairy bulls in light service, although changes in semen 
characteristics such as a decrease in volume and an increase in ab- 
normal sperm cells did occur. These observations would appear to 
emphasize the importance of adequate nutrition of bulls in heavy 
service and particularly of bulls in use in artificial insemination 
cooper atives. 

Testicular biopsy may cause sterility in bulls.—It has been proposed 
that a sample of tissue taken from the testis (testis biopsy) would be 
a good means of determining the functional condition of this organ, 
either in clinical veterinary medicine or in experimental studies. 
When we used this technique on bulls in our experimental studies it 
was found that a marked reduction in the number of sperm cells and 
changes in the structure of the testis occurred after each biopsy and 
in one instance complete sterility was produced. Testis biopsy, there- 
fore, is not a good procedure to use with bulls as a means of determin- 
ing the functional state of the testis where continuing observations 
are to be made. 

Restricted feed intake affects size of mammary gland but not lacta- 
tion.—It has been shown that restriction of feed intake results in a 
reduction of size of certain glands which produce hormones important 
inmammary growth and lactation. In experiments with rats, changes 
of this sort were accompanied by a marked reduction in size of the 
mammary glands. When the lactation performance of rats reared 
through growth and gestation and later put on full feed was compared 
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to that of adequately fed rats whose mammary glands were actually 
much larger, the underfed rats produced more milk during lactation. 
These experiments again illustrate the interdependence of hormones 
and nutrition, and raise the question as to whether the present-day 
emphasis on maximum early growth in dairy heifers is advisable. 
Experiments with dairy heifers of a nature similar to the above are 
now in progress. 

Milk protein contains factor needed for lactation—It was demon- 
strated that crude milk protein (casein) contains a factor necessary 
for good lactation in rats and for the survival of suckling young. 
This factor appears to be absent or present in only small amounts in 
soybean meal and linseed-oil meal, feeds which are commonly the 
main source of extra protein in livestock feeds. It is probable that 
this factor contained in casein is identical with or very similar to 
vitamin B,.. 

Estrogens accelerate udder growth —Detailed studies of the effects 
of various hormones on the development and structure of the udder 
of young dairy heifers have been carried out. The work indicates 
that estrogenic hormones accelerate udder growth in heifers and that 
a pituitary-gland extract containing several hormones accentuates 
the effects of the estrogenic hormones. This is similar to results ob- 
tained with other species. On the other hand we have so far been 
unable to demonstrate that the corpus luteum hormone participates 
in udder development of heifers as it does in certain other species. 


F. SOME ADDITIONAL WORK NEEDED 


Further work on the effects of individual hormones and the com- 
bined effects of hormones on mammary growth and lactation is needed 
so that a complete understanding of the influence of certain glands 
and their secretions on these functions can be obtained. Basic work 
is needed to develop improved chemical methods for determining the 
hormone content of tissues. With this background a more logical 
basis for instituting or recommending practical husbandry procedures 
in the interests of most efficient milk production should be possible. 
Study on the factors which modify the secretion of glands and hor- 
mones which appear to be important in udder growth and lactation 
shculd be continued and expanded. Nutritional and environmental 
factors and the effects of disease and heredity on hormone secretion 
should be included in this work. These items can, to a certain extent 
at least, be manipulated or controlled by the dairy farmer. Informa- 
tion on the effects of these factors would, therefore, facilitate the 
translation of basic knowledge of the effects of hormones on milk pro- 
duction to practical farm procedures. 


Functions oF Protactin HormMone tx Mix Secretion 
(BDI—SRF-2-118—Federal—Special Research Fund) 


A. PURPOSE AND NATURE OF CURRENT WORK 


This project is designed to study the effect of the estrogenic and 
corpus luteum hormones (secretions of the female sex organs) and 
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variations in their rate of secretion on the amount and rate of secretion 
of prolactin by the pituitary gland. ‘These hormones and the varia- 
tions in their rate of secretion are considered to be important agents 
in the regulation of lactation and reproductive functions. Much of 
the current work on this project has been concerned with the develop- 
ment of accurate metheds for determining the amounts of these hor- 
mones in,tissues and in blood. The effects of injecting estrogenic and 
corpus luteum hormones on the prolactin content of the pituitary 
gland have also been studied in some detail. 


B. CURRENTLY ACTIVE LINE PROJECTS 
None. 
C. HISTORY AND EVOLUTION OF THIS WORK 


The project as now organized was initiated in 1948. It was set up 
in this way to more adequately describe certain phases of work which 
had developed under an earlier project which was conducted in coop- 
eration with the Bureau of Animal Industry. The initial studies, 
started in 1935, were primarily concerned with the relation of the 
amounts of male sex hormones in urine to the fertility of bulls. The 
project was subsequently modified somewhat to include studies on the 
identity of steroid hormones in the urine of animals and to investigate 
synthetic chemical procedures for the preparation of steroid hormones. 
At that time, studies on the physiology of milk secretion were included 
in the project. The work on reproduction primarily consisted of 
investigations on the synthesis of steroid hormones at the Bureau of 
Animal Industry. This work was terminated in 1946. In the mean- 
time, various phases of lactation physiology had expanded in the 
Bureau of Dairy Industry as described in this current project. In 
1948, a new project (RM: b-408) was set up to include certain phase 
of the work on reproductive physiology. 


D. FUNDS—ANNUAL EXPENDITURES 


The average annual expenditure from 1935 to 1942 was about $5,700; 
from 1943 to 1950, $4,400; and in 1950 it was $6,500. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Biological methods for the detection of the male sew hormone in the 
urine of rams and bulls were improved and developed. Variations i 
the amount of male sex hormone in urine were observed in different 
animals, Howe ver, the amounts of hormone were always very small 
and even with these improved methods it was impossible to accuratel) 
determine the ianihitiee of male sex hormone present, These res 
indicate that present biological methods are not satisfactory for th 
determination of male sex hormone in urine of domestic animals. 

Basic studies on the cell structure of the anterior pituitary gla) dd 
were made and improvements made in methods for differentiating 
between various cell types. Using these methods it was found that 
prolactin, the so-called lactation hormone, was secreted in a definite 
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part of the pituitary gland and by a special group of cells. The 
gonad-stimulating hormones were produced in a different part of the 
pituitary gland and by another group of cells. This work rather defi- 
nitely determined the site of elaboration of these two hormones in the 
pitwitary gland. 

Improvement in me thods of determining the amount of prolactin 
in tissues was made. These studies particularly focused attention on 
the limits of accuracy of these methods and the conditions which must 
be observed if even reasonably accurate results were to be obtained 
with the methods. 

It has been shown in the rat and the rabbit that the prolactin content 
of the pituitary gland is greatest at or soon after parturition. This 
suggests that prolactin is important in the initiation of lactation which 
occurs at this time. It has also been shown that estrogenic hormones, 
which are present in considerable quantities at the time of parturition, 
increase the prolactin content of the pituitary gland when they are 
injected. This work indicates that the interaction of the estrogenic 
hormones and prolactin are intimately concerned with the onset of 
lactation following parturition. 

Work 18 an progre SS COlCE rning de ive lopme nt of 1114 thods for the 
determination of the estrogenic and corpus luteum hormones in the 
blood of cattle. With these metheds it is planned to study variations 
in the amounts of these hormones and to correlate them with observed 
variations in lactation and reproductive activity. 


F. SOME ADDITIONAL WORK NEEDED 


In particular, much work is needed on methods for the quantitative 
estimation of all those hormones which appear to be concerned in the 
processes of lactation and reproduction. Progress in this field will 
be restricted until such methods are available. With these methods 
a much more accurate and comprehensive experimental approach to a 
fundamental study of reproduction and lactation will be possible. 


Repropuctive FAmures in Datry Catrie 
(BDI—RM: b—408—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the relationship of certain physiological factors to 
reproductive functions of cattle and to determine causes of abnormal 
reproductive performance. The following types of work are in prog- 
ress: (1) Anatomical studies of the reproductive tracts of both normal 
and abnormal cattle; (2) development of methods of analyzing the 
hormones in the urine of cattle so that hormone excretion and me- 
tabolism and its relation to reproduction may be studied; (3) studies 
on the effect that nutritional status has on lifetime reproductive per- 
formance of both male and female cattle; (4) analysis of breeding 
records to determine to what extent reproductive failure may be in 
herited; (5) studies on the causes of early embryonic death and on the 
physiology of the egg of cattle: and (6) studies on the carbohydrate 
metabolism in the semen of bulls and its relation to fertility. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-408.1—Anatomical, physiological, biochemical, and nutri- 
tional studies on reproduction in dairy cattle. (1) The detailed his- 
tology of the reproductive tracts of normal cattle and cattle on nutri- 
tional experiments is being investigated. A similar study on cattle 
with reproductive abnormalities is in progress. (2) Groups of cattle 
on different levels of feed intake are maintained to determine the effect 
of nutrition on reproductive performance. (3) Methods for deter- 
mining sex hormones (estrogens) in the urine of dairy cattle are being 
investigated so that estrogen excretion may be related to reproduction. 

RM: b-408.2—Studies on the effect of heredity on infertility. A 
coordinated study of the reproduction records ‘of several herds of 
dairy cattle which have accumulated for 20 to 25 years is being made. 
This study should indicate to what extent: heredity affects reproduc - 
tive performance and it is hoped will lead to the development of more 
satisfactory indexes whereby reproductive performance may be 
judged. 

RM: b—408.83—Fructose concentration and rate of fructolysis in 
semen as related to fertility in bulls. Fructose (a carbohydrate) has 
only recently been shown to be an important ¢onstituent of bull semen. 
The amount of fructose and the rate at which it is used (fructolysis) 
in the semen of various bulls is being studied and related to the fertility 
of the bull. The effects of hormones and stage of physical develop- 
ment on fructose levels in semen are also being investigs ited. 

RM : b-408.4—Estimation of the excretion levels of certain urin: uy 
steroids and their relation to reproductive capacity of dairy animals. 
Methods for the determination of 17-ketosteroids (a class of steroid 
hormones distinct from the estrogens) in the urine of dairy cattle are 
being developed. The relation of variations in the excretion of this 
class of hormone to reproductive performance will be studied. 

RM : b-408.5—Studies on (a) factors in fertilization failure and 
early embryonic mortality in cows of low fertility and (b) on the cul- 
turing and storage of bovine ova. (a) Cattle with a known history 
of low fertility are obtained. The relative importance of fertilization 
failure or early embryonic mortality (as a cause of their low fertility) 
is determined. These cattle are subjected to various treatments (hor- 
monal, nutritional) to determine the possible deficiencies responsible 
for these defects. Bacteriological and histological tests on the repro- 
ductive tract are also made. (b) Methods of ¢ ulturi ing and storing the 
egg (ovum) of the cow are in progress. These studies may assist in 
enabling investigators to determine the fertilizing capacity of eggs and 
in the pr roblem of egg transplantation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initially approved in 1948. At that time, with the 
exception of rather intensive studies on the physiology and handling 
of bovine semen for purposes of artificial insemination, only a few 
studies primarily directed to the physiology of re sroduction and to- 
ward the causes of infertility in dairy cattle had been made or were 
in progress. As a result of this situation and because infertility in 





utri- 
1 his- 
1utri- 
cattle 
cattle 
effect 
leter- 
being 
ction, 
vy. A 
ds of 
nade, 
‘oduc- 
more 
iy be 


31s in 
») has 
emen. 
lysis) 
rtility 
velop- 


‘inary 
imals. 
teroid 
le are 


f this 


e and 
1e cul- 
istory 
zation 
tility) 
(hor- 
ynsible 
repro- 
ng the 
S1ist in 


oS and 


ith the 
ndling 
a few 
nd to- 
r were 
lity in 


DAIRY 285 


cattle Was causing increasing concern to cattle breeders, both the 
northeastern and western regional advisory committees gave high 
priority to studies of this nature. Research and Marketing Act funds 
were granted to both these regions for this purpose and in 1948 similar 
funds were assigned to the Bureau of Dair y Industry. 

As a result of discussions with the technical advisory committees, 
it was decided that four main fields of work needed intensive investi- 
gation. These were (1) Basic physiology, including anatomy and 
histology, the effects of hormones in regulating reproduction, ‘estab- 
lishment of methods for hormone analysis, effects of environment 
and season on reproductive processes and the relation of these to in- 
fertility. (2) Nutrition: The effects of different levels of feed intake 
and of specific nutritional deficiencies on the incidence of sterility and 
on basic physiological reproductive processes. (3) /nheritance: The 
determination of the influence of heredity and of systems of breeding 
on sterility and of means of preventing sterility by breeding programs 
and selection. (4) Disease: The influence of various organisms and 
pathological conditions on infertility. It was recognized that the 
Bureau of Dairy Industry would not participate directly in this 
latter phase. 

Line project 408.1 was set up cooperatively with the New York 
Agricultural Experiment Station to study anatomy and histology, 
estrogen excretion, and the effect of levels of feed intake on infertility. 
Line project 408.2 was undertaken cooperatively with the Connecticut 
Agricultural Experiment Station to study certain phases of the genetic 
aspects of infertility. In 1949 additional funds became avail: ible and 
three more line projects on new phases of the work were undertaken. 
Line project 408.3 to study fructose metabolism in semen of bulls and 
its relation to fertility was established at the Colorado Experiment 
Station; line project 408.4 to study ketosteroid excretion and its rela- 
tion to fertility was initiated at the New Jersey Agricultural Experi- 
ment Station ; and line project 408.5 at the Wisconsin Agricultural Ex- 
periment Station to study the causes of fertilization fe tilure and ear ly 
embryonic death and to develop methods for studying, handling, and 
storing bovine eggs was set up. 

In setting up this cooperative work, the choice of location has been 
decided by ‘the Bureau of Dairy Industy on the basis of requests for 
support from the regional committees and individual experiment 
stations and on the basis of the apparent intrinsic worth of the proj- 
ect in meeting basic objectives and the probable ability of the per- 
sonnel involved to carry out the work. The work under this project 
is being coordinated with other work on reproduction of cattle in the 
northeastern and western regions. : 


D. FUNDS—ANNUAL EXPENDITURES 
The annual expenditure for 1949 was $20,000 and for 1950, $45,000. 


E. EXAMPLES OF OUrSTANDING ACCOMPLISHMENTS 


This work is only in the beginning phases and no definite signifi- 
‘ance can be attached to results so far obtained. All this work is 





286 AGRICULTURAL RESEARCH AND RELATED SERVICES 


being coordinated with similar work being conducted on a regional 
(western and northeastern) or national basis through technical ad- 
visory and other committees. Tissues from the reproductive tracts 
of experimental cattle (normal and abnormal cows and bulls) are 
being obtained for detailed study. Approximately 50 heifers and 
50 bulls are being raised on experimental rations at present to deter- 
mine the effects of these rations on reproductive performance. A 
tentative index of reproductive ability for cows has been proposed as 
a result of studies on breeding records. It has been indicated that 
there are definite differences in the carbohydrate (fructose) meta- 
bolism in the semen of bulls which may be a reflection of bull fertility. 


F. SOME ADDITIONAL WORK NEEDED 


It will be recognized that the present work in progress only scratches 
the surface of the over-all objectives of the work. Detailed studies 
and controlled experiments on basic physiological processes affecting 
reproduction of cattle and on the factors affecting these are at present 
conspicuous by their absence. Accurate information is scanty or 
absent. A vast amount of work must be done before infertility of 
cattle can be controlled. 

At present there is no complete detailed anatomical and histological 
description of the reproductive tract of cattle. Since there is usually 
an anatomical basis for functional abnormalities, it seems imperative 
that this gap in fundamental information be filled. This in itself is an 
enormous task since it involves determining anatomical characteristics 
of various classes and breeds from birth to maturity, the changes that 
occur during heat cycles and sexual activity and during pregnancy. 
It also involves a determination of the effects of hor monal, nutritional, 
and genetic influences and of infectious agents on the structure of these 
tissues. No one laboratory can hope to encompass this work in any 
reasonable length of time. Expansion of this type of work in a 
coordinated manner with as many laboratories as possible participat- 
ing appears necessary. 

The reproductive processes are controlled to a large degree by 
hormones. There is no accurate information on the extent and manner 
in which hormones regulate reproduction in cattle. In particular, it 
is imperative that methods for the quantitative determination of hor- 
mones in blood, tissues, and body fluids of cattle be developed so that 
the variations in the hormones at all phases of reproductive life in 
both normal and abnormal cattle can be determined. Our present 
work only involves the excretion of estrogen and ketosteroids in urine. 
The levels of these in blood and tissues must be determined. Simi: 
work must be undertaken with other steroid hormones and with the 
pituitary gland hormones. 

The possible effects of nutrition on reproduction are at present only 
guesses. Very few controlled experiments on the effect of nutrition 
on infertility in cattle have been conducted. While it is known that 
many severe nutritional deficiencies will affect reproduction in cattle, 
there is no direct evidence that marginal or slight deficiencies will 
affect reproduction. Most of the evidence to date indicates that the 
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physical condition will indicate signs of a deficiency long before seri- 
ous reproductive trouble is encountered, and it would seem somewhat 
improbable in cattle in good physical condition in which there is re- 
duced fertility that slight deficiences are the cause of the infertility. 
It is possible, however, that long continued marginal deficiencies may 
contribute to infertility and it would seem necessary to determine 
quantitatively the amounts of feed and specific nutrients (vitamins, 
minerals, ete.) which are optimum for good fertility. These data are 
now largely lacking for cattle. 

If heredity proves to be a factor in reduced fertility, definite experi- 
mental breeding projects should be set up to study methods of breeding 
to use in eliminating this factor. In order to estimate the progress 
of such a program, it will be necessary to devise more adequate criteria 
for estimating breeding performance than are now available. 

Considerable work is needed on the effects of pathological conditions 
and infectious agents on infertility in cattle. Certain infectious 
diseases affecting reproduction (brucellosis, trichomoniasis, and vibrio 
fetus infections) are fairly well characterized and their control estab- 
lished or under investigation. There is evidence, however, that still 
unknown infectious agents may affect reproduction. The etiology 
and the effects of certain pathological conditions seen in the reproduc- 
tive tract. are still unknown. This field of work appears to need 
considerable expansion as there are many indications that pathological 
conditions may play a major part in infertility of cattle. This latter 
work is mentioned only in relation to the over-all problem and it is 
not the intention of the Bureau of Dairy Industry to engage in this 
type of research. 

(For work in cooperation with States on regional projects NC-2, 
NE-1, S—3, W-2, see ch. 39.) 


CROSS REFERENCES—PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—a-—2-1, Chapter 38, dairying in the upper Middle West. 

BAI—b-5-1, Chapter 1, dual-purpose cattle breeding. 

BAI—c-2-5, Chapter 1, miscellaneous diseases of livestock caused by bacteria 
and fungi. 

BAI—c—4-1, Chapter 51, stock poisoning by plants. 

BAI—c—4+—2, Chapter 1, nutritional deficiencies of cattle. 

BAI—c—4H4, Chapter 1, miscellaneous noninfectious diseases of livestock. 

BAI—c-—5-1, Chapter 1, anaplasmosis of cattle. 

BAI—c-5-2, Chapter 1, trichomoniasis of cattle. 

BAI—c-64, Chapter 1, liver flukes of domestic ruminants. 

BAI—c-7-2, Chapter 31, parasites of dogs, wild animals, and birds transmissible 
to livestock. 

BAI—e-7-3, Chapter 1, catalog of parasites. 

BAI—c-8-1, Chapter 31, treatments for destruction of external parasites. 

BAI—c-8-2, Chapter 1, treatment for removal of internal parasites. 

BAI—h-1, Chapter 35, inspection and quarantine of imported animals. 

BAI—m-2, Chapter 35, enforcement of Mexican border quarantine for foot-and- 
mouth disease, 

BAI—m-3, Chapter 35, inspection for foot-and-mouth and other animal diseases. 

BAI—Laboratory services for regulatory control and eradication program, 
chapter 35. 
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BAI—SRF-3-7, Chapter 1, diseases of animals. 

BAI—Brucellosis and tuberculosis eradication, chapter 35. 

BAI—Control of virus, serums, etc., chapter 35. 

BEPQ—I-h-2, Chapter 31, flies attacking livestock. 

BEPQ—I-h-4, Chapter 1, studies on lice, mites, and fleas. 

BEPQ—I-h-5, Chapter 31, tick investigations. 

BEPQ—Survey of the screwworm, chapter 31. 

BPISAE—e-2-2, Chapter 30, livestock and poultry shelters. 

BPISAE—e—2~+4, Chapter 30, housing design. 

BPISAE—e—4+-1, Chapter 30, equipment for forage drying. 

BPISAE—SRF-3-10, Chapter 22, relation of soils and nutritional content of 
forage to nutritional troubles in animals. 

BAI—RM: a-371, Chapter 8, feeds. 

BAI—RM: a-508, Chapter 8, pelleted feeds for livestock and poultry. 

BAI—RM: a-560, Chapter 1, feeding of wheat to livestock. 

BAIC-BAI-BDI—RM: a-307, Chapter 14, feeding waste products to livestock 
and poultry. 

BDI-BAI—RM: a-7, Chapter 8, availability of nutrients in forages. 

BDI—RM: a-502, Chapter 8, silage making. 

BAI-BPISAE—RM : b—537, Chapter 1, X-disease in cattle. 

BEPQ-BAI-BDI-BPISAE-BAIC—RM: b-—72, Chapter 31, effects of insecticides, 
ete, 

BPISAE—-BAE—RM.: b-73, Chapter 30, housing requirements. 

BPISAE—-BDI-BAE—RM: b-99, Chapter 22, influence of soil deficiencies in live- 
stock production. 

BDI-PMA-BAI—RM: c-273, Chapter 8, comparative value of different grade 
hays for growth and milk production. 

BAI—RM.: c-332, Chapter 1, grass poisoning. 


B. UTILIZATION 
INVESTIGATIONS ON FLUID, CONCENTRATED, AND Driep MILKs 
(BDI—a—5—6—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


‘To improve and devise processes and methods of handling fluid milk 
so as to retain its freshness, palatability, and nutritive value. ‘To im- 
prove present methods and devise new processes for the preservation 
of milk in acceptable concentrated or dried forms. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—j-6-3—The effect of processing at various temperatures on some 
physical characteristics of milks and skim milks. To determine the 
effect of heating milks of different concentration to various degrees 
upon their viscosity, stability to heat, protein solubility, and other 
physical characteristics, so as to obtain adie data needed to improve 
processing methods for condensed and dried milks. 

a—5-6-4—Studies of the ionic equilibria in evaporated milks. To 
determine the concentrations of soluble calcium, magnesium, citrates, 
und phosphates at various stages of processing and storage and cor- 
relate them with storage changes in the product. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on fluid market milk and cream was begun in the Department 
in 1907. The initial work was devoted to studies of milk composition 
and bacterial content. This work developed into a study of bacterial 
fiora and the efficiency of pasteurization procedures. In 1914 work 
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was begun on problems of production, handling, and distribution of 
fluid milk and cream, which then occupied the major interest of the 
industry. With the establishment of acceptable practices for produc- 
ing wholesome market milk and with increased need for conservation 
in the form of milk products, greater emphasis was placed on prob- 
lems concerned with the production and storage of other dairy 
products. 

The work on evaporated milk was begun in 1916 and that on con- 
densed milk shortly thereafter. Initially the work was devoted to 
determining the characteristics of milk that make it suitable for con- 
centration, and to determine how sterility could be attained. With 
the development of a process that produced a marketable product, em- 
phasis was shifted to studies of manufacturing processes and storage 
conditions which would assure prolonged storage life, particularly 
with respect to body, flavor, and color. The work on dried milk was 
begun in 1920 to establish manufacturing and handling practices for 
a new product which seemed destined to : affect greatly the conservation, 
distribution, and use of our milk supply. The first work was on tests 
for predicting keeping quality of dried whole milk. Recent work has 
been on means of retarding or preventing the development of oxidized 
flavor, either by adding antioxidants or by removing and excluding 
air from the container. 


D. FUNDS—-ANNUAL EXPENDITURES 


An estimate of the cost of the market milk work done between 1902 
and 1914 would be less than $10,000 a year. Annual expenditures be- 
tween 1915 and 1925 were about $20,000. From 1926 to 1948 the 


average cost was about $27,000 per annum. Research expenditures on 
condensed, evaporated, and dried milks increased from $5,000 in 1915 
to $17,725 in 1925. From 1926 to 1949 the average annual expenditure 
was $27,000. The 1950 allotment for this project was $29,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pasteurization of milk was shown to be necessary to destroy 2. 
abortus, the organism that causes undulant fever (brucellosis). This 
offered a means of protecting the public from exposure to undulant 
fever organisms through the milk supply. The organisms surviving 
pasteur ization were identified and found to be nonpathogenic. While 
it was shown that pasteurization of milk was necessary to safeguard 
the milk supply, additional research indicated that the cher smical 
changes semanas in milk by pasteurization were not nutritionally 
significant. 

Aid in the development of the market milk industry.—The market 
milk division in the 1910-20 decade took a leading part in guiding a 
rapidly expanding industry. It supervised the milk supplied to all 
Army hospitals during World War I; advised municipalities in the 
formulation of milk ordinances; made complete milk processing 
studies based on man-hours which could be applied to regions having 
varying labor costs; made detailed studies of the operation and man- 
agement of milk plants, including the first studies to show that feed 
flavors were imparted to the milk through the body of the cow and 
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that the sediment in homogenized milk was due to leucocytes normally 
present in the milk. 

Evaporated milk improvement resulted from research which estab- 
lished factors that affect coagulation, color, gelation, fat and protein 
separation, and the deposit of calcium citrate crystals in evaporated 
milks. This work was an important contribution to the establishment 
of high quality in our large domestic evaporated milk industry which 
now produces 3,000,000,000 pounds annually. 

The utility and advantages of high-temperature, short-time heating 
procedures in manufacturing practices have been demonstrated by 
work done in the Bureau of Dairy Industry since 1938. This research 
formed the basis of the present interest of the industry in this type of 
processing. High-temperature, short-time processing has been success- 
fully applied to the manufacture of ev vaporated and sweetened con- 
densed milk and to dried milk. A new principle of heater design which 
permitted easy cleaning was developed and patented during this 
research. 

Dried whole milk manufacture was aided through establishment of 
conditions of manufacture, packaging, and storage necessary to pro- 
duce a marketable product. This research formed the basis for specifi 
cations for dried whole milk procured by the Armed Forces during 
World War II. 

Dried milks in bread.—Research established the conditions of manu- 
facture for dried milks to be used in bread. Milks that were subjected 
to high temperatures of heating showed much better baking char- 
acteristics than did milks heated to normal pasteurization tempera 
tures. The baking industry is now the largest single user of dried 
milk using about 220,000,000 pounds annually. 


F. SOME ADDITIONAL WORK NEEDED 


Development of an improved evaporated milk free of objection- 
able cooked flavor and dark color and with satisfactory storage sta- 
bility. Improvements in the color and flavor of canned milk can 
be made with new types of processing equipment, but the improved 
milk undergoes objectionable physical changes during storage. If 
storage changes in the distribution of the protein and fat of evapo- 
rated milk could be prevented, the canned product might be a means 
of greatly expanding the market for fluid milk. 

Development of an im proved dried whole milk.—A product is 
needed which can be easily reconstituted to an acceptable beverage 
after months of storage at temperatures up to 100° Fahrenheit. The 
work of the Bureau showed how the fat of dried whole milk could 
be stabilized against spoilage, but the dried product does not dis- 
perse well in water and develops a powdery, stale flavor in storage. 
Additional research is needed to overcome these defects. When this 
is done the use of reconstituted dried whole milk would no doubt be 
much more extensive. 
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IMPROVEMENT OF DoMmEsTIC CHEESE 
(BDI—a-5-7—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality, develop new varieties, and improve the 
methods of making, ripening, packaging, and marketing domestic 
cheese, with the aim of minimizing spoilage and waste, increasing 
consumption, and providing wholesome domestic cheese of all types. 
The current work is particularly concerned with the development 
of improved methods of making Cheddar cheese of consistently good 
quality from pasteurized milk, using pure cultures of various bacteria 
selected and developed for their activity and suitability as starters. 
Also, the fundamental chemical and bacterial reactions and changes 
in cheese during making and ripening are being studied to provide 
a scientific basis for better methods of manufacture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-5—-7-1—Effect of certain bacteria on flavor, chemical composition, 
and physical structure Cheddar cheese. To develop means of has- 
tening the ripening process and improving the flavor of Cheddar 
cheese made from pasteurized milk, through the use of selected and 
developed strains of bacteria as starters. | 

a—5—(-2—Manufacture of cream cheese. To develop methods for 
making, packaging, and storing cream cheese that will insure uni- 
form flavor, texture, and proper spreadability. 

a—)-7-3—A phosphatase test for detecting underpasteurization in 
dairy products. To simplify the procedure and to test its reliability 
and sensitivity with cheese and all other dairy products, and to 
develop a simplified, universal test for r: apid use in dairy plants. 

a—)—(-4—A phosphatase test for goat’s milk. To modify the phos- 
phatase test for cow’s milk so that it can be applied to goat’s milk to 
determine the adequacy of pasteurization, to insure protection against 
brucellosis (undulant fe ver) and other infectious diseases. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies to determine the essential molds and bacteria for ripening 
Camembert and Roquefort cheeses, and the development of domestic 
methods for making these cheeses, were begun about 1904 in coopera- 
tion with the Connecticut Agricultural Experiment Station. Also, 
about that time work was started by the Department to determine 
the relation of bacteria to the flavor of Cheddar cheese, and to develop 
better methods of making and ripening the cheese. About 1915, 
work was begun to develop methods for the manufacture of Swiss 
cheese in the United States, with particular emphasis on the bacteria 
involved. Some of the results and methods were soon introduced into 
commercial factories through field work and aided greatly in devel- 
oping a domestic supply of Swiss cheese. 
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As early as 1912, some work was done on the manufacture of Ched 
dar cheese from pasteurized milk in cooperation with the Wisconsin 
Agricultural Experiment Station. However, no special emphasis was 
given to this work until about 1930. A time-schedule method was de- 
veloped during the 1930’s. The method made possible the packaging 
and ripening of Cheddar cheese in consumer-size containers and a 
method for marketing cheese in this form was developed. With the 
advent of World War IT, work on Cheddar cheese was extended to the 
field and the time-schedule method was introduced in factories in 11 
States, resulting in greatly improved quality of cheese. In 1938-39, 
successful procedures were developed for making Bel Paese, a semi- 
soft cheese. Work has also been done from time to time on cottage, 
brick, cream, pot, and Parmesan cheeses. The development of a phos- 
phatase test for use with Cheddar cheese, to determine whether the 
milk had been adequately pasteurized, was begun in 1944 and was per- 
fected for use with other cheeses, milk, and practically all dairy prod- 
ucts. 

D. FUNDS—ANNUAL EXPENDITURES 

The estimated annual expenditures ranged from approximately 
$6,000 in 1904 to approximately $10,000 in 1910. From 1911 to 1925, 
the range was from approximately $10,000 to $18,000 annually. Since 


then the annual expenditure has varied from $18,000 in 1926 to $49,000 
in 1947, and was $45,000 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of methods for manufacturing a Roquefort-type 


cheese from cow's milk made possible a domestic supply of this cheese, 
thus benefiting the American dairy industry. Prior to the commercial 
application of this work, Roquefort cheese, made from sheep’s milk, 
was imported from France. The present blue-cheese industry in this 
country is based largely on the results obtained in the Department’s 
arly work on cheese. The annual production is about 10,000,000 
pounds. 

The development of methods for manufacture of Camembert cheese 
aided the American cheese industry to produce a domestic supply of 
this cheese, which formerly had been imported from France. 

The manufacture of Bel Paese cheese, another soft cheese formerly 
imported, is now carried out in this country on a commercial basis, us- 
ing the method developed by the Bureau of Dairy Industry. 

The manufacture of Swiss cheese-—The development of methods 
for the manufacture of Swiss cheese, based on bacteriological, chemical, 
and technical studies, and the introduction of the improved methods 
in commercial factories through field work by the Bureau of Dairy 
Industry, contributed greatly to the development of the domestic Swiss 
cheese industry. Experimental work showed the importance of active 
starters containing the essential bacteria in pure culture to prevent 
defects and to yield the desired flavor and eye formation in the cheese. 
Two species of essential bacteria, one forming propionic acid and re- 
lated to eye formation, the other forming lactic acid, were discovered. 
A definite relation between quality of milk and quality of cheese was 
proved. The quality of cheese was improved by clarifying the milk, 
standardizing the fat in the milk, and by controlling the amount of 
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moisture in the cheese. When this work was begun, comparatively 
little Swiss cheese was made in this country. Today, approximately 
75,000,000 pounds are made annually. 

The manufacture of Cheddar cheese from pasteurized milk.—A new 
simplified method of making American Cheddar cheese, yielding a 
nite, high-quality and wholesome product, was developed by the 
Bureau of Dairy Industry. The new method differs from older meth- 
ods chiefly in that the milk is pasteurized to destroy undesirable and 
pathogenic bacteria, an active starter containing only the essential 
bacteria is added, and an exact time-schedule is followed to control the 
rate and amount of acid formed during the manufacturing process. 
Cheese made from pasteurized milk can be ripened rapidly and safely 
at a higher temperature than is possible with raw milk. With the new 
method, cheese can be packaged and ripened in consumer-size pack- 
ages without rind loss. When introduced into more than 160 commer- 
cial factories in 11 States during World War II by the Bureau’s field 
men, the use of the new method resulted in from 90 to 100 percent No. 
| cheese, whereas before introduction some of the factories made less 
than 25 percent No. 1 cheese. ‘Today pasteurized milk is used for more 
than half of the Cheddar cheese made in this country. The cost of 
developing this method is estimated at about $100,000, and the esti- 
mated value of the method to the cheese industry is between $2,000,000 
and $3,000,000 annually. 

The packaging and ripening of Cheddar cheese in consumer-siz 
packages was made tials by the quality of cheese made from pas- 
teurized milk with the Bureau’s time-schedule method, particularly 
because of the absence of gassiness in the cheese. A method was de- 
veloped for packaging and curing cheese in tin containers and suc- 
commie introduced in the industry. The Bureau’s work served as a 
foundation for the recent commercial use of various types of flexible 
or transparent wrappers for cheese. 

Development of an improved phosphatase test for determining ade- 
quacy of pasteurization. Certain outbreaks of disease during World 
War II were traced to the ingestion of fresh cheese made from raw 
milk. To safeguard the public health, a number of States enacted 
legislation requiring pasteurization in lieu of a long ripening period. 
To provide a means for determining the adequacy of pasteurization, 
a reliable and accurate test was developed by the Bureau of Dairy 
Industry. It was modified and perfected for use with different kinds 
of cheese, milk, and practically all dairy products. The test was made 
an official method by the Association of Official Agricultural Chemists 
in 1949 and is now employed generally by public health officials. 


F. SOME ADDITIONAL WORK NEEDED 


The development of means for increasing the flavor of Cheddar 
cheese made from pasteurized milk is needed to meet the desire of 
consumers for a greater intensity of flavor, and thus to increase con- 
sumption. Some progress has been made on this problem, but the 
effects of certain kinds of bacteria in pure culture and in various com- 
binations on flavor should be determined with the aim of developing 
improved starters. 

Modifications in the manufacture of Cheddar cheese-—Further 
means for simplifying and mechanizing the manufacture of cheese 
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should be devised to reduce labor costs and to make possible reduction 
in manpower needed for making cheese during a national emergency, 
without loss in production. 

Improvements in packaging and ripening of Cheddar cheese.— 
Work is needed on the development of improved and more economical 
methods of packaging and ripening rindless Cheddar cheese in at- 
tractive, transparent consumer-size packages to increase domestic 
consumption, and to prevent serious losses due to shrinkage, spoilage 
by mold growth and rind that occur with the traditional rind cheese. 
The convenience and attractiveness of small-unit 1- to 5-pound pack- 
ages undoubtedly result in greatly increased consumption. The rind 
loss alone is estimated conservatively at 2 percent, or an annual loss 
of about 20,000,000 pounds of cheese having a value of about $8,000,- 
000. Excessive mold growth on rind ripened cheese often makes the 
loss much gre ater. Shrinkage (loss of moisture) may be from 4 to 6 
percent. Packaging and curing in small tin cans has been successful 
but is e a for cans and I: abor, and does not permit visual inspection 
by the buyer. Improvements in the making and use of flexible, trans 
parent coverings are needed to avoid or prevent mold growth. Re. 
search should include: Methods of making and packaging curd; suit- 
ability and improvement of various types of coverings; effects of 
ripening conditions on quality of cheese; and consumer preference. 


PRESERVATION OF Mink AND CREAM BY FREEZING 
(BDI—RM: a—-15—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop improved techniques for producing frozen milk and 
cream, so these products may be held in a satisfactory condition from 
a period of flush production to a period of shortage, or so they may 
be provided to geographical areas where fresh milk is not readily 
obtainable or is scarce. The current research is concerned with (1) 
determining the causes of deterioration in milk during frozen storage, 
including the development of off-flavors and certain physical defects, 
and with (2) methods of preparing, handling, freezing, and storing 
milk so it will retain its palatability and texture over a longer period 
than is now possible. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—15—-1—Effect of ion exchange on the freezing preservation of 
milk. To increase the resistance of milk to the disruptive forces of 
freezing and storage by means of ion exchange, that is, by altering 
the eee of calcium in the milk. 

R M: »2—Retention of a fresh flavor in milk during frozen stor- 
age. To aie the causes of flavor deterioration in milk duri ing frozen 
storage, particularly the development of an oxidized flavor, and to find 
means of preventing such deterioration. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Related work on the preservation of milk was reported in the 1930's. 
There was less interest in the subject then than now. During World 
War II the need for beverage milk on hospital ships and at military 
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establishments outside the continental United States focused atten- 
tion on this method of preserving milk. A more recent development 
has been the preservation of surplus milk in frozen storage until it is 
needed in a company’s regular operations. This has been a commercial 
practice with cream for more than 20 years. 


D. FUNDS--ANNUAL EXPENDITURES 


This project was begun in 1948. The expenditure in that year was 
$17,000; in 1949 it was $25,000; in 1950, $27,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fortifi ation of milk with aSCOl bic acid to mere ase its re sistance 
to the development of an oxidized flavor.—Milk tends to develop an 
off-flavor during frozen storage that is commonly known as oxidized. 
Of the many methods studied to combat this, fortification with a nat- 
ural constituent of milk (ascorbic acid) has proved most effective. 

Results obtained from a study of the use of ion-exchange mate rials 
to modify the amounts of some of the constituents of milk, especially 

calcium, so as to improve the physic al stability of milk while in 
frozen storage, have shown that calcium removal in itself is not the 
key to increased body stability but that the sodium ion also plays an 
import: int part. 

CGoat’s milk can be preserved successfully in frozen conditi ion with- 
out developing the defects so troul blesome in frozen cow’s milk. Be- 

cause the production of goat’s milk is highly seasonal, this method 
of preservation is of consider: ible practic: al value and is already being 
adopted by producers of goat’s milk. 


F. SOME ADDITIONAL WORK NEEDED 


Development and ¢ valuation of the role of vitamins, particularly 

and EB, in maintaining the fresh flavor of milk.—Vitamins C and 
E have properties that tend to prevent oxidation. The former is 
water soluble, the latter fat soluble. Vitamin C (ascorbic acid) and 
vitamin E (tocopherol) fortification, separately and together, should 
be studied. More fundamental work should be done on the role of 
the soluble calcium, sodium, and magnesium and of the citrates, phos- 
phates, and chlorides in milk. This may lead to valuable develop- 
ments not only in the preservation of milk in frozen storage but also 
in the uses of milk, skim milk, and whey. More information is 
needed on the temperature eae for holding milk in frozen 
storage without change in its physical characteristics when thawed 
for use. 


MANUFACTURE OF ForeIGN-Tyre CHEESES 
(BDI—RM: a-16—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To effect greater use of our milk supply and to make possible a 
wholesome domestic supply of foreign-type cheeses through the use 
of pasteurized milk and the development of improved methods of 
manufacture and packaging, to develop methods for utilizing the 
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proteins from whey in soft cheeses and in cheese spreads, and to 
develop methods for making (and packaging) cheese from skimmed 
and partly skimmed milk. The current work is concerned with: 
(1) The development of methods for making Swiss cheese from pas- 
teurized milk; (2) means for converting w hey proteins by enzymic 
action to a ak nutritious product suitable for cheese spreads ; 
(3) the development of improved and modified methods for consist- 
ently making brick cheese of uniformly good quality; and (4) the 
chemical and bacterial changes responsible for the characteristic 
flavors of Italian types of cheese and improvements in manufacture, 
with the aim of providing a domestic supply of wholesome cheese 
and an additional outlet for domestic milk solids. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—-16-2—Growth and activity of eye-forming bacteria in Swiss 
cheese. To determine the proper range of acidity, produced by starter 
bacteria during the cheese-making process, that will permit the de 
velopment of wood flavor and the desirable formation of eyes in the 
cheese. 

RM: a—16-3—Effect of changes in acidity on the texture and flavor 
of Swiss cheese. To determine the influence of initial acidity, pro 
duced during manufacture, on chemical reactions and bacterial growth 
during ripening that contribute to the desired texture and. flavor 
of the cheese, with the aim of controlling the initial acidity within 
a proper range. 

RM: a—-16—4—Isolation and use of proteins from whey. To per- 
fect means for removing the proteins from whey and, by the use 
of enzyme preparations, to convert the granular, crude form of 
protein obtained to a smooth, nutritious product that can be used 
in the making of, or as a part of, soft cheeses and cheese spreads. 

RM: a-16—6—Manufacture of brick cheese. To develop methods 
for consistently making brick cheese of uniformly good quality, thus 
utilizing a greater amount of milk through increased consumption 
of this cheese. 

RM: a-16-7—Characteristic flavors of Italian-type cheeses. ‘To 
determine the chemical and bacteriological changes that occur dur 
ing ripening of Italian-type cheese (Provolone, Romano, ete.) when 
the cheeses are made with different enzyme preparations and by dif- 
ferent methods of manufacture, and to study the relation of these 
changes to the flavor and texture of the cheese. 


C. HISTORY AND EVOLUTION OF THIS WORK 


At the onset of World War II, the Bureau of Dairy Industry 
stopped all work on foreign-type cheeses and concentr: ited efforts on 
improvement of Cheddar cheese manufacture, For a summary of pre 
vious work, see report on a—5-7, “Improvement of domestic cheese.” 
The present work on the development of improved methods for the 
domestic manufacture of foreign-type cheeses was begun in 1947 and 
at. first was concerned with making Swiss cheese from pasteurized 
milk and with the utilization of whey proteins in soft cheeses and 
cheese spreads. Work on brick cheese, involving development of meth 
ods of manufacture and effects of bacterial and chemical changes 
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during ripening on quality and flavor, was initiated early in 1949 in 
cooperation with the University of Wisconsin. Later in 1949 work on 
Italian-type cheeses (Provolone and Romano) was begun in coopera- 
tion with the Ohio State Agricultural Experiment Station, with par- 
ticular emphasis on the role ‘of rennet pastes, rennet extr acts, and other 
enzyme products, and the effects of chemical and bacterial changes 
on the development of characteristic and desirable flavors in the 
cheeses. The results obtained in this work indicate some of the factors 
related to quality and flavor, and suggest modifications needed in 
manufacturing methods to produe e foreign- -type cheeses of consistently 
good quality. During recent work in ‘the Bureau on Swiss che SE, 
the bacterial starters frequently failed to produce the required amount 
of acid. ‘These failures were traced to the presence of the antibi- 
oties penic illin and streptomycin (used in treating mastitis) in 
the milk. The detrimental effects of antibiotics on the starter bacteria 
were determined, and attempts are being made to devise practical 
means for counteracting them. Milk produc ed during treatment of the 
cows often contains 2,500 times the amount of antibiotic needed 
to inhibit the starters and thus ruin the cheese. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The annual expenditures were $25,000 in the fiscal year 1948, with 
limited personnel and before initiation of cooperative work with 
State agricultural experiment stations; $40,000 in 1949; and $45,000 
in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The preparation of whey proteins in a form utilizable for human 
consum ption.—Means have been perfected for removing the proteins 
from whey, and a method has been developed for converting the crude, 
grainy protein, through enzyme action, to a smooth, bland product 
which has been used successfully as an ingredient of cheese spreads and 
cheese foods. The method affords means of conserving nutritious 
proteins for human consumption, adding to the producers’ income, 
and aiding in the problem of whey disposal. From 4 to 5 pounds of 
the product is obtained from 100 pounds of whey. Approximately 
10,000,000 pounds of the material could be produced annually from 
only 10 percent of the available whey, and its value would be at least 
$8,000,000 to American cheese makers. 

Rapid salting of brick cheese-—A new procedure for salting brick 
cheese, developed at the University of Wisconsin in cooperative work, 
shortens the making process by 24 hours without loss in the quality 
of cheese. The faster procedure reduces the amount of rind, the loss 
of moisture, and the space required in brine tanks, and results in a 
greater yield. 

F. SOME ADDITIONAL WORK NEEDED 


Development of methods for manufacturing Swiss cheese from pas- 
‘eurized milk.—The methods used in the manufacture of Swiss cheese 
from raw milk do not give satisfactory results when pasteurized milk 
is used. Modified methods have been developed by the Bureau of 
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Dairy Industry, but they do not consistently produce cheese of good 
quality. Thus additional work is required to develop modifications 
in the methods before Swiss cheese of consistently good quality can 
be made commercially from pasteurized milk. 

Improvement of methods for manufacture of brick cheese —An 
ample supply of brick cheese of good quality is not available, largely 
because methods for consistently making cheese of high quality have 
not been deveioped. Further work is needed to develop methods of 
manufacture, including particularly the control of acidity during 
making, the use of improved starters containing only the essential 
bacteria in pure culture, the proper control of microbial growth and 
activities during ripening, and the use of pasteurized milk to yield 
wholesome cheese of uniformly good quality and flavor. 

Improvements in the manufacture of Italian-type cheeses.—A large 
percentage of these cheeses is of poor quality because of a lack of 
scientific methods of manufacture, and no methods are available for 
making them from pasteurized milk. Furthermore, rennet paste, a 
product usually of unacceptable sanitary quality, has been generally 
used on the assumption that its use is necessary to obtain the desired 
characteristic flavors. Work is needed to develop the use of suitable 
rennet extracts of acceptable sanitary quality and to determine the 
chemical and/or bacterial reactions responsible for the development 
of the character ‘istic flavors, with special attention devoted to the ef- 
fects of enzymes on fat and their relation to flavor. Methods for 
making these cheeses from pasteurized milk should be developed to 
provide a domestic supply of wholesome cheese. With the develop- 
ment of satisfactory methods, the American cheese industry could pro- 
vide an ample supply of Italian-type cheeses to replace the importa- 
tion of more than 20,000,000 pounds annually, valued at more than 
$10,000,000. 

Improvements in packaging and ripening Swiss cheese. -Work is 
needed to develop better and more economical methods for packaging 
and ripening Swiss cheese to prevent serious losses due to shrinkage, 
spoilage, and rind which occur with the conventional rind-ripened 
cheese. The rind loss alone is estimated conservatively to be about 6 
percent, amounting to over 4,000,000 pounds of cheese annually and 
having a value of about $1,500,000. Shrinkage from loss of moisture 
is about 10 percent. The suitability of various types of wrappers and 
methods of using them to produce a rindless cheese in small-unit 
packages should be investigated. 

‘tilization of whey proteins for human consumption.—With 
methods available for removing the proteins from whey and for con- 
verting them to a product usable in cheese spreads and cheese foods, 
additional work is needed to develop other potential uses; for example, 
in making soft and semisoft cheeses and in the baking industry. The 
manufacture of approximately 1.5 billion pounds of cheese annually 
results in about 15 billion pounds of whey containing a potential sup- 
ply of more than 600,000,000 pounds of the whey-protein product. 
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Uriization oF Mix Souips 1x Foops 


(BDI-RM: a-17—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the utilization of milk solids that are available in com- 
mercial channels by developing methods for preparing milk, skim 
milk, and whey in new and improved forms that will make them 
more suitable for direct use as food or as components of other foods, 
The current work includes (1) the development of processes for the 
isolation and recovery of proteins, milk sugar, and other milk con- 
stituents in forms suitable for their incorporation into foods and 
feeds and (2) the development of methods for using these improved 
milk products, as well as for using concentrated milks and wheys, in 
beverages, bakery products, confections, and in other prepared foods. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—17—-1—Concentration and drying of whey. To develop new, 
improved, and low-cost processes for the manufacture of sant con- 
centrates Fi at will be suitable for food or feed manufacture. 

RM: a—17-2—Utilization of whey in sweet bakery goods. To devel- 
op ot of using whey concentrates and various constituents of 
whey in sweet bakery goods. 

RM: a—17-3—Concentration and drying of skim milk. To develop 
methods for the manufacture of improved forms of condensed and 
dried skim milk or mixtures of skim milk with milk and whey con- 
stituents that will be suitable for use in manufactured foods. 

RM: a-17-4—Utilization of milk and milk products in bread. To 
investigate the function of milk constituents in bread, to determine 
the baking characteristics of specially processed milk products, and 
to demonstrate how more milk can be used to improve bread. 

RM: a-17-5—Utilization of milk and milk products in beverage 
milks. ‘To increase the consumption of skim-milk solids by develop- 
ing attractive beverage milks higher in nonfat solids but lower in 
fat than normal milk and to determine consumer acceptability of milks 
of various composition. 

RM: a-17-S—Manufacture of milk products containing hone y (in 
cooperation with BAIC). To investigate and develop the use of 
honey in the manufacture of dried skim-milk products and part skim- 
milk products. To develop a dried honey product using skim milk 
as a carrier, the dried product to be made suitable for use in manu- 
factured foods such as confections and bakery fvoods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the early part of the twentieth century, d: a farmers out- 
side the city milksheds separated their milk and fed the skim milk to 
animals. Cheese factories discarded whey into nearby streams. Sub 
sequently, the gradual increase in the amount of whole milk delivered 
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instead of cream to manufacturing plants, and the adoption of city 
ordinances prohibiting the dumping of whey, created a need for new 
and improved ways to use skim milk and whey. Delivery of milk from 
farms as whole milk during the last half of the forties was more than 
double that of the last half of the thirties. Prior to World War II 
equal emphasis was given to research projects on the utilization of 
skim milk and whey in industrial products and in food products. A 
full realization of the high food value in relation to cost of skim milk 
and whey (and also of “buttermilk) and the increased demand for 
food ene World War II placed new emphasis on the need for 
utilizing all of the nutrients in milk. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for the early prewar work amounted to about $10,000 
a year beginning about 1936. Annual expenditures for 1948 and 1949 
were $25,000, while that for 1950 was $30,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New food uses for whey were developed during preliminary work 
prior to World War II. A new product, sweetened condensed whey, 
which could be held without refrigeration was prepared and intro- 
duced to the industry for use in food manufacture. Formulas were 
developed for the use of whey in the manufacture of candy, canned 
soups, acid beverages, and other foods. 

The following significant accomplishments have resulted from the 
research and marketing work since 1948. A large backlog of informa- 
tion has been accumulated which was needed to go forward with 
different phases of the work. 

Whey in sweet bakery goods was shown to produce an improved 
cakelike texture and to retard the hardening or staling effects of age. 
This work has resulted in the introduction of dried whey to the 
baking industry on a commercial scale. 

Studies on the dr ying of whey have resulted in the development of 
a roller-dried whey-potato mixture useful in feed and food manufac- 
ture. Investigations of low-cost methods of concentrating whey have 
shown that whey can be condensed for feed with a submer ged com- 
bustion burner, using natural gas, or with a cyclone hot-air arrange 
ment similar to the cones used in spray driers. 

Development of milk and honey products as a source of concen- 
trated materials for food manufacture and for infant and special 
diets has resulted in three acceptable mixtures. Sweetened condensed 
milk made with honey in place of sugar, and evaporated milk con- 
taining 8 percent honey solids, are especially suited to infant feeding. 
A process was developed for the — saration of a dried-honey, skim- 
milk mixture for use in food manufacture. (These results were ob- 
tained in cooperation with the Bureau of Agricultural and Industrial 
Chemistry.) 





DAIRY 301 


F. SOME ADDITIONAL WORK NEEDED 


Development of milk products of improved baking propertic 8 
through such studies as may lead to the determination of the role of 
the individual milk constituents in bread baking is needed. A simpler 
test than the conventional bake test is required to enable the milk- 
product manufacturer to grade his products for bakery use. Improved 
adaptability of milk products for the bakery would greatly increase 
their utilization in baked goods. 

Development of special dried skim milks manufactured for use in 
specific food products is needed to increase the utilization of skim 
milk in such foods as ice cream, confections, canned goods, meat prod- 
ucts, and others. To obtain the best results from the addition of dried 
skim milk to different foods, the dried product must be manufactured 
especially for that food. The milk protein is the ingredient of skim 
milk that is most sensitive to processing changes. A detailed study 
of this sensitivity should be made so that improved manufacturing 
procedures can be formulated. 

An improved process for drying whey on hot rolls is needed to 
facilitate utilization of this byproduct. Many milk-processing plants 
have roller driers, but they are unable to use them to dry fluid whey 
because the sticky, semidry product cannot be scraped easily from the 
rolls. 

Development of new foods from whey, skim milk, and buttermilk 
byproducts is needed. Only by a continued search for new food uses 
for the products and byproducts of milk can there be continued and 
efficient utilization of these dairy food ingredients. 


Urizizatrion or Mitk Sens 1x Ick Cream ANpD SHERBETS 
(BDI—RM: a-151—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the utilization of milk solids in ice cream and sherbets, 
particularly the milk solids that are most likely to be in large and/or 
surplus supply. The current work is concerned with the developme nt 
of new or improved forms of milk solids that will be suitable for such 
use. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—151-1—Buttermilk and buttermilk products in ice cream 
and sherbets. To develop, prepare, and evaluate new and improved 
products from buttermilk for use in ice cream, sherbets, and related 
frozen foods. 

RM: a—151-2—Whey and whey products in ice cream and sherbets. 
To develop, prepare, and evaluate products from whey suitable for use 
in ice cream and sherbets. 

RM: a—151-8—Skim milk and skim-milk products in ice cream and 
sherbets. To develop, prepare, and evaluate new or improved prod- 
ucts from skim milk for use in ice cream and sherbets. 
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RM: a—151-4—Milks, skim milks, and whey products of low lactose 
content in ice cream and sherbets. To determine the feasibility of, 
and establish conditions for, using a lactose-splitting enzyme to 
reduce the lactose (milk sugar) content of ice-cream mixes, thereby 
making possible the greater use of milk-solids-not-fat in ice cream. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research work on ice cream was initiated in 1912. The first work 
dealt mainly with the bacterial flora. Attention was then given to 
the use of types and proportions of ingredients and the limitations 
in their use as well as to studies of the pal: itability and acceptability 
of various ice creams. Work on the use of dried and condensed milk 
products in ice cream followed. The later work has been devoted to 
fundamental studies of the effect of processing of ingredients on 
ice cream and sherbet quality, the use of new stabilizers, the invention 
and use of low-lactose milk to prevent the defect known as sandiness, 
the use of substitute sugars as sweeteners to effect economy, the freez 
ing process and its relation to texture, and the effect of ingredients and 
whipping on texture. 


D. FUNDS——AN NUAL EXPENDITURES 


The research work on ice cream was begun in 1912 with an expendi- 
ture of approximately $3,000 per annum. Later the annual expendi 
ture for this work ranged from $6,700 in 1925 to $19,300 in 1958, and 
in 1947 it was $11,200. Allotments from RMA funds were $8,600 in 
1948, $10,000 in 1949, and $10,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that sandiness in ice cream was caused by the crystal- 
lization of the lactose was the first basic contribution of this proje 
to the ice-cream industry. The sandy crystals were identified as lac 
tose, and studies of their crystalline habits provided the fundamental! 
information needed to control the defect. 

Determination of the factors that affect the texture and palatability 
of ice cream provided information which the manufacturers have 
used constantly to improve ice-cream quality. The rate and extent 
of freezing and of ice-cream formation, and close relation of these 
factors to ice cream texture, was determined. ‘The composition of thie 
mix, the effects of conditions of homogenization and of variations in 
mix viscosity, and the temperature pattern in the freezer were shown 
to determine the whipping properties, overrun, development, and sub 
sequent smoothness of the finished product. 

Deve lopme nt of a low-lactose mille made it possible for the ice-creal 
manufacturer to increase the nonfat milk solids of the mix, thus im 
proving smoothness and palatability without risking the production 
of sandiness in the ice cream. The patented process for removing 
some of the lactose from skim milk was given to the public and has 
been in limited commercial use for more than a decade. Its monetar) 
value to parts of the industry, while difficult to estimate, is perhaps 
$50,000 annually. 
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Development of whey sherbet and the demonstration that superior 
sherbet can be made with whey is providing a new and promising 
outlet for surplus whey solids. 


F. SOME ADDITIONAL WORK NEEDED 


Investigations of the effects of superheating skim milk on the state 
of its protein are needed. Superheated skim milk (thic kened to the 
point of gelation by heat) has long been used by some ice-cream 
manufacturers to improve the smoothness of their product. As super- 
heating is now done, the optimum end point is difficult to determine 
and to duplicate. The product has a cooked flavor. Determination 
of the changes that are produced in the milk protein by superheating 
and the variations of time, temperature, and concentration needed to 
attain best results should increase the consumption of ice cream 
through improved quality. 

Investi gations of the application and uses of high-t mperature, 
short-time proce Ssing of the ice-cream mix or of some of its ingredients 
are are This new type of processing should be studied to deter- 
mine if it can be used to advantage by the ice-cream industry. 

Search ts Te w forms of byp vroduct 8 and for new uses tor by produc fc 
in the ice-cream industry should be continued, Alteration of part 
of the lactose of milk produce ts would allow an increase in their use. 

Studies of the milk protein should be made to determine whether it 
can be substituted for all or part of the stabilizer now always added 
to the mix. Improved and new methods of using buttermilk and 
whey in the ice-cream industry are needed. 


Propucrion or Amino Actps From Mitx Proreins 
(BAIC—RM: a-506—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 
To extend the industrial use of amino acids by developing methods 
f preparing them from proteins. Current work is directed to the 


preparation and separation of derivatives of the amino acids in casein. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-506-1—Recovery of amino acids by ester distillation. To 
develop new commercial methods of isolation of amino acids from 
casein. ‘This phase of the problem was selected for initial investiga- 
tion, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although work on proteins and amino acids has gone on for years 
in the Departmentof Agriculture, this problem had not been directly 
attacked prior to the initiation of this work in 1949. 


D. FUNDS—-ANNUAL EXPENDITURES 


1950—$20,071. 
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E. EXAMPLES OF OUTSTANDING ACHIEVEMENTS 


Since the work has been under way less than a year, no major steps 
have been made in the solution of the problem. 


F. SOME ADDITIONAL WORK NEEDED 


The ultimate aim of this work, the establishment of amino acids as 
industrial chemicals rather than laboratory curiosities, will require 
additional research upon their properties ‘and industrial uses in a 


variety of fields: plastics, chemical intermediates, and food and feed 
additives. 


UTiLizatTIion INVESTIGATIONS ON MiLK Propucrs! 
(BAIC—RRL-—4+-6—Federal—Regular Funds) 
(Cooperation with private organization) 

A, PURPOSE AND NATURE OF CURRENT WORK 


To develop new and extended uses for milk products by improving 
and developing processing methods for separating the constituents 
and evaluating their fundamental properties and uses, and by develop- 
ing derived materials of industrial value. The current work on milk 
is concerned with developing uses for milk sugar and milk proteins. 
New uses for milk sugar are being found by conversion into lactic-acid 
derivatives which are especially valuable in making synthetic rubbers 
and in the plastics field. These investigations involve methods for 
making a low-cost, high-quality lactic acid and the development of 
methods for its conversion into industrially useful ver The cur- 
rent work on milk proteins is concerned with: (1) perfection of : 
tificial fibers suitable for general textile sinnias as well as for “a 
cialized uses as in making brushes and a resilient padding mate- 
rial; (2) economic methods for producing specialized plastics and 
adhesives; and (3) fundamental work on the separation, properties, 
and structure of milk proteins. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-4—-(6)—-C-2—U tilization of products derivab/ 
from lactose by fermentation and chemical degradation 

RRL-4—(6)-—C-2-1—Lacetic acid derivatives. Preparation, proper- 
ties, and utility. To develop processes for recovery of high quality 
lactic acid at low cost and to prepare and evaluate lactic acid deriva- 
tives of potential industrial value. Work on the preparation of lactic 
acid by alkaline degradation of blackstrap molasses is done in coopera- 
tion with a research institute. 

RRL-4-(6)-C-2-2—Conversion of lactic acid into unsaturated 
resin intermediates. To develop new and extended uses for milk by- 


1A commodity project of one of the regional research laboratories administered by tle 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, current! y 
active line projects are grouped under their parent research projects, which corres) 
approximately in scope to the regular work projects of other bureaus of the De cptoent. 
Likewise, under secs. D and E, research projects are used as the basis for reporting e% 
penditures in 1950, and outstanding accomplishments. 
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products by chemical transformation of lactic acid into unsaturated 
intermediates similar to those used in the plastics and synthetic rub- 
ber fields. 

RRL——(6)-—C-2-3—Synthetic rubbers, resins, and resinous prod- 
ucts from intermediates obtainable from lactic acid. To develop new 
and extended uses for milk byproducts by the preparation and evalua- 
tion of synthetic rubbers, resins, coatings, and adhesives by polymer- 
ization of unsaturated intermediates derived from lactic acid. 

RRL—-4—(6)—C-2-4+—Preparation and properties of resins derivable 
from lactic acid. To develop new and cabana’ uses for milk byprod- 
ucts through the preparation and evaluation of alkyd resins useful as 
coating compositions. 


Research project RRL-4—(6)—-C-38—Modification and utilization of 
lactose 

RRL——(6)-—C-3-1—Development of an improved method for prep- 
aration of lactose (milk sugar). To develop new and extended uses 
for milk byproducts by improving the method of manufacturing lac- 
tose with a view of reducing its cost. 

RRL—4—(6)-C-3-2—Modification and utilization of lactose. To de- 
velop new and extended outlets for milk byproducts through prepara- 
tion of industrially useful derivatives of lactose. 

RRL—4—(6)-C-3-3- Hydrolysis of lactose. To increase the indus- 
trial utilization of milk sugar and milk sugar-containing byproducts 
through complete or partial breakdown (hydrolysis) of milk sugar 
with the enzyme lactose. 


Research project RRL—4-(6)—P-—1—C onversion of milk proteins into 
commercially usable forms 

RRL—+-(6)—P-—1-1—Molded plastics from milk proteins and their 
derivatives. To devise and develop molding materials from casein, 
whey proteins, and their derivatives, having satisfactory flow proper- 
ties and a short molding time, and yielding products of high strength 
and low water absorption. 

RRL—-+-(6)—P-1-2—The development of improved adhesives, 
binders, and coating agents from milk proteins. To investigate the 
fundamental requirements of protein adhesives, coatings, and ‘dispe r's- 
Ing we as a basis for improving and extending their applications. 

RRL-+-(6)-P-1 -3—Investigation of basic factors in the spinning 
of pom textile fiber from milk proteins. To develop superior 
artificial fibers from milk proteins for textile use with special reference 
to their flexibility, tensile strength, and resistance to the effects of 
water. 

RRL—+—(6)—P-1+—The development of bristle and hair substitutes 
for use in brushes, upholstery, and similar products. To devise and 
develop methods for producing fiber substitutes for pig bristle and 
horsehair from milk proteins. 


Research project RRL-4-(6)—-P-2—Separation and identification of 
individual milk proteins 
RRL-4-(6)-—P-2-1—Recovery and purification of the proteins of 
milk whey. To devise economic stile for the precipitation of whey 
proteins and for their utilization in the manufacture of fibers, plastics, 
films, adhesives, or coating materials. 
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RRL-4-(6)—P-2-2—The separ ation, char: acterization, and utiliza- 
tion of the protein components of casein. To develop improved meth- 
ods for the production of casein and for the separation of casein into 
its components ; and to determine the application of all these materials 
in the manufacture of fibers, plastics, films, adhesives, and coating 
materials. 

RRL-4-—(6)—P-2-3—Recovery and purification of the proteins of 
milk whey with enzymatic properties. To devise practical methods 
for isolating, in their active form, the whey proteins that have enzy- 
matic properties, to make them available for studies of their biological 
or industrial usefulness. 


Research project RRLI-}—-(6)-—P-3—Chemical modification of milk 
proteins 

RRL——(6)—P-3-1—Chemical modification to improve protein 
products. ‘To peapare an extensive series of modified proteins, espe- 
cially from milk proteins, and to determine the effect of modification 
on the properties of fibers, plastics, films, adhesives, and coating 
materials. 

RRL——(6)-—P-3-2—The use of “models” as a basis for protein 
endiiaiiine To prepare a series of amino acid peptides of known 
structure and by investigation of their reactions to determine the desir- 
able types of modification for proteins. 

Research project RRL-4-(6)-P-4—Composition and structure of 
milk proteins 

RRL-4+-(6)-P-4-1—The amino acid composition of purified milk 
proteins; a-casein, B-casein, whole casein, and lactoglobulin. ‘To de- 
termine the amounts of each of 18 different amino acids present in 
a-casein, B-casein, whole casein, and lactoglobulin. 

RRL-4-(6)—P-4-2—The determination of the arrangement of 
amino acids in the milk proteins B-lactoglobulin, a-casein and £-casein. 
To develop new and extended uses of the proteins of milk and other 
agricultural commodities through basic organic chemical investiga 
tions on the struct ure of pure proteins. 

RRL-4—(6)—P-4+-3—Basie physical properties of native and de- 
natured proteins. To develop new and extended uses of the proteins 
of milk and other agricultural commodities through investigations on 
the basic physical characteristics of pure proteins. 

RRL-4-(6)—P-4-4—The action of light on proteins. To develop 
new and extended uses of the proteins of milk through basic invest!- 
gations on the effects of light in the presence of dyes on the compo- 
sition and properties of proteins. 

RRL—-— (6)—P-4-5—Amino acid composition of purified milk pro- 
teins. To determine the amino acid composition of casein, lacto- 
globulin, and crystalline milk whey albumin. 


Research project RRL-4—(6)-E-I1—Chemical engineering studies on 
the utilization of milk products 

RRL—4+_(6)—E-1-3 (Revised )—Miscellaneous chemical engineering 
services. To aid in the development of new and extended uses for 
milk products by means of advisory chemical engineering service, 
through the preparation of preliminary cost estimates on processes 
still in the laboratory stage and through assistance in problems entail- 
ing engineering design; also to review specifications for equipment 
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and to render routine services such as the preparation of charts and 
drawings. 

RRL——(6)—E-1-12—Chemical engineering investigations on the 
preparation of polymers. To determine on a pilot- pla int scale prac- 
tical methods for making rubber-like materials from acrylates which 
can be made from milk sugar. To produce enough of these materials 
for larger-scale tests. 

Research project RRL—4—(6)—A-I—Analytical investigations 

RRL-4—(6)-A-1-1—Research analysis investigations. To per- 
form routine and specialized chemical analyses on milk products and 
their derivatives, and to develop new and improved methods of analysis 
when required. 

Research project RRL-4—(6)—A-2—Physical chemical investigations 

RRL-4+—(6)—-A-2-1—Miscellaneous physical chemical investiga- 
tions. ‘To apply specialized methods of physical chemistry to the 
chemical and technological problems arising in the development of 
new and extended uses for milk products. 

RRL—— (6)—A-2-5—Molecular weight and structure studies of 
milk proteins. ‘To determine the molecular weights of milk proteins, 
and their relationship to the structure and mechanical properties of 
artificial protein fibers. 


Research project RRL—4—(6)—A-3—Physical investigations 
RRL——(6)-A-3-1—Miscellaneous physical investigations. To 

apply specialized methods of physics, and the services of physicists, 

to the chemical and technological problems arising in the development 


of new and extended uses for milk products. 

RRL-+-(6)-—A-3-6—Evaluation of physical properties and poten- 
tial uses of polymers and other compounds derived from lactie acid. 
To assist in the development of new and improved plastics, synthetic 
rubbers, coatings, plasticizers, and adhesives, using lactic acid derived 
from milk and other farm products as a starting material. 


Rese arch project RRL }-(6)-OD-1—D; ve lopme nt stud ie § on the 
utilization of milk products 

RRL-- (6)-OD-1-1—Technical development surveys relating to 
the industrial utilization of milk products. To aid in the develop- 
ment of new and extended uses of milk products through technical 
surveys of raw materials, their location, accessibility, cost, and other 
factors which may determine the feasibility of commercial exploita- 
tion. 

C. HISTORY AND EVOLUTION OF THIS WORK 


Skim milk, arising from butter making, and whey, from cheese 
manufacture, have alw: ays tended to be surplus byproducts. Food 
uses have been inadequate to consume the supply. Since 1918, a small 
portion of surplus skim milk has been used in making casein and 
lactose, as well as lactic acid. Casein found uses in glues, paper 
coating, fibers, plastics, and similar uses while lactose and lactic acid 
were used largely by the pharmaceutical trade. Bureau work has 
been directed to improving the quality of and methods for making 
casein fibers and plastics and to converting milk sugar into more valu- 
able products. Initial emphasis in the work on lactic acid was given 
to converting it into resin intermediates. The war years stimulated 
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the study of these resin intermediates as sources of synthetic rubbers. 
Later, with the rapid growth of the plastics industry and its large 
requirement of plasticizers, the utilization of lactic acid derivatives 
in this field has been investigated. The attainment of the objectives 
of making the constituents of milk more valuable would result in a 
beneficial effect to the dairy industry and bring a greater return to 
dairy farmers. 
D. FUNDS--ANNUAL EXPENDITURES 


Between 1941 and 1949, annual expenditures under the milk-prod- 
ucts-utilization-investigations project ranged from $133,781 in 1941 
to $342,460 in 1949, averaging about $259,600. The expenditure in 
1950 was $323,000, which was apportioned among the various research 
projects as follows: C-2, $67,400; C-3, $24,300; P-1, $26,000; P-2, 
$78,800; P—3, $23,100; P-4, $61,600; A-1, $15,000; A-2, $16,800; 
A-3, $10,000 ; E-1, none; OD-1, none. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research proje ct RRL-4—(6)-C-2 

Lactoprene EV, anew synthetic rubber.—A hot-oil-resistant rubber 
like material has been developed and is now in commercial production 
under the trade name Hycar PA 21. In its resistance to hot oils, it 
is markedly superior to all other commercially available rubbers. It 
exhibits a noaeibiel of other outstanding properties such as resistance 
to deterioration and to permanent deformation. Because of these 
properties, which result from the chemical structure of the product 
as well as from the method used to vulcanize it, Lactoprene EV, as 
the experimental forerunner was called, is finding numerous industrial] 
applications as a specialty rubber where resistance to high tempera- 
tures and oils is necessary. In addition to formulations for molded 
articles, special recipes for Lactoprene EV sponge have been devel- 
oped. Here, too, the exceptional properties of the product make it 
outstanding for certain applications, such as clothes-pressing ma- 
chines, where resistance to heat and to permanent deformation is re- 
quired. The current annual value of this research development 
approximates $100,000 at the present time, and by reasonable estimates 
is increasing rapidly. 

A process suitable for the purification of lactic acid has been dev 
oped.—This process involves contacting the crude acid with ea 
of wood alcohol and with but slight modification ean be adapted to 
the preparation of methyl lactate, one of the commercially available 
lactic acid derivatives. 

New plasticizers (softening agents) based on lactic acid.—These 
plasticizers are highly efficient in softening a plastic currently manu- 
factured in large volume. Successful exploitation i in this application 
would create a new demand for large amounts of lactic acid. 

New and simplified process for producing lactic esters from carbo- 
hydrate material——This new process involving ammonium lactate as 
a primary fermentation prodiae has been studied on a pilot-plant 
scale by a manufacturer contemplating entry into the lactic acid field. 


Research project RRL-4-(6)-—C-3 
Increased solids content of water solutions of milk sugar (lactose) .— 
The low water solubility of lactose, in comparison to other sugars, is 
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disadvantageous in many commercial applications because this sugar 
tends to separate from solution in hard, sandlike crystals. Lactose 
can be converted chemically into two simpler sugars, glucose and 
galactose, both of which are considerably more soluble than lactose 
itself. Solubility studies have shown that the total sugar content of 
water solutions can be increased by adding glucose or galactose to 
lactose solutions. In other words, the partial conversion of lactose 
to glucose and galactose results in solutions tolerating higher total 
sugar concentrations. This sugar mixture offers the following possi- 
bilities from a practical standpoint: An improved means is afforded 
for the concentration and transportation of whey solutions; mixtures 
of the two simple sugars with lactose are sweeter to the taste than 
lactose itself. 

Research project RRL-4-(6)-P-1 

The development of casein bristle fiber —A new method of making 
casein fiber was devised which is simpler and less expensive than 
previous methods of making artificial protein fibers. The method 
is of particular value in making large fibers of the size of horsehair. 
The fiber can be made any desired color, length, or diameter. It is 
useful in making brushes and stiff cloth. The resiliency of this fiber 
is outstanding and it is being used commercially as an upholstering 
material and in making air filters for automobiles. It is being manu- 
factured at the rate of 1,000,000 pounds per year and sells for about 
90 cents per pound. 

Improved casein textile fiber—The use of casein fiber and other 
artificial protein fibers as a general textile fiber is limited because of 
the low strength of the fiber, particularly during the process of dyeing 
or laundering where hot water is used. Methods have been developed 
for increasing the strength of the fiber and stabilizing it to hot water. 
A further improvement consists in devising methods for producing the 
fiber in continuous filaments where the striking elastic property of the 
fiber can be utilized in knitted goods. 

Casein button development.—A method was perfected for molding 
casein buttons and other articles from prehardened molding pow- 
ders. This method will enable casein molding powders to be used in 
modern production presses which simplifies the manufacture of casein 
buttons. The usual method of making casein buttons consists in ex- 
truding casein rods from which the buttons are made by machining, 
followed by hardening with chemicals. 

Research project RRI-}-(6)-—P-2 

Separation of the components of casein—Casein, the principal 
protein of milk, has been found to be composed of three components. 
Economical methods have been developed for separating the com- 
ponents. The purified components differ from each other in structure 
and properties. Unique uses are being developed for each of the 
purified proteins. 

Large protein crystals have been prepared from milk and have 
proved to be of great value in determining the water relations of 
proteins, their molecular size, and fundamental properties of proteins. 
Variations in such properties as the water relations of plant proteins 
are important in adaptation of plants to environmental changes. 
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Research project RRL-4-(6)- 

Novel fat derivatives of proteins were found to be suitable for 
direct compression molding, without the use of water, into articles 
of superior stability. This material extends the properties and uses 
of protein plastics and has a number of potential commercial uses. 
Re S¢ arch proj ct R RL-4 -(G) —P-J 

The influence of the chemical groups in the protein molecule on 
water soaiel of proteins has been evaluated.—The marked absorption 
of water by protein fibers and plastics limits their use. By modifying 
proteins chemically, water absorption was reduced though not com- 
pletely eliminated. By systematic studies, the contribution of each 
type of group in proteins to the total water uptake was determined. 
These systematic deductions on water absorption offer a valuable 
guide in developing protein products of variable water affinities. 

Amino acid analysis of milk prot ins.—Proteins are composed o 
building blocks known as amino acids. The number and arrange- 
ment of the amino acids in a protein determine the architecture and 
behavior of proteins. The amino acid contents of the principal milk 
proteins have been determined with a high degree of precision. These 
results are essential for relating specific uses of proteins to their 
structure. Additional work is required to determine the arrangement 
of the amino acids in the protein fabric. 

Action of light on proteins—Proteins are decomposed rapidly in 
light, particularly when a dye is present. The rate of decomposition 
by light of groups in the protein structure has been evaluated. By 
this refined means, modified milk proteins have been prepared with 
unique prope rties. 

Research proje ct RRL- }— (6)-E-1 

The commercial feasibility of making acrylic polymers and co- 
polymers by batch emulsion polymerizution was demonstrated. It was 
also demonstrated that acrylic polymers and copolymers can be made 
by continuous emulsion polymerization, with products equal to those 
produced batchwise; one advantage of the continuous overbatch 
polymerization is the ease of reaction control. 

Research proje ct RRL-4-(6)—-A-] 

Analytical service and research—The accomplishments under this 
project were of a service and research nature which contributed 
materially to work in progress on other projects. Thousands of 
analyses were made on milk proteins, milk sugars, and their derived 
products. For some of these the development of new and improved 
methods of analysis was required. Examples were the modification 
of methods for more accurate analyses of lactic acid, whether free 
or combined; and the development of a procedure for determining 
amino nitrogen which aided in fundamental studies of milk proteins. 
Research proj ct RRL- ,— ( 6)—A 2 

Improved artificial fibrous prote ins.—A dozen proteins, ineluding 
casein, whose molecules are normally compact or globular, were con- 
verted to fibrous form. By X-ray test the altered molecules had thi 
same threadlike form as stretched wool. As expected, tensile strength 
was much increased, but the maximum strength was achieved at the 
expense of toughness, stiffness, and elasticity. Perhaps the chief 
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value of this work has been to show the great changes in fiber prop- 
erties that can be produced by altering the form of the protein 
molecules. “This saloetes ation is vital in “evaluating the commercial 
possibilities of the proteins as fiber-formers. 

Instruments for measuring large molecules.—A new optical instru- 
ment for the measurement of sizes of large molecules, called a photo- 
electric turbidimeter or light-scattering photometer, was developed 
and made commercially available in 1947. It makes possible the 
measurement of molecular sizes more quickly and under a greater 

variety of experimental conditions than by previous methods. It is 
well-known in research circles that the properties of plastics, fibers, 
synthetic rubbers, and coatings, whether developed from agr icultural 
products such as proteins, ‘starch, and pectin, or from industrial 
materials, depends to a large extent on the molecular size of the 
compounds used. This instrument has therefore provided research 
workers with a valuable tool for the development of these useful and 
important materials. Thirty of these instruments, valued at $1,800 
each, are now in use in this country and abroad in government, uni- 
versity, and industrial laboratories. An accessory instrument, called 
a differential refractometer, was also developed and made commer- 
cially available. Twenty of these, valued at $1,200 each, are in use 
with the other instruments. Although the present gross value of these 
new instruments is $78,000, their real value lies in their usefulness to 
agriculture and industry in the development of new products. 


Research proje ct RRL- 4 mn 6)-A-3 


Physical service and research——The accomplishments under this 
project were of a service and research nature concerned with the de- 
velopment of specialized physical methods and their application to 
work in progress under other projects. For example, measurements 
of properties of molecules of the milk protein, lactoglobulin, by X-ray 
diffraction; preparation of artificial fibers from casein and ane pro- 
teins (see accomplishments under RRL—+(6)-—P-1 and RRL (6) 
A-2 above) ; and application of radioactive isotopes to the an: rite of 
milk proteins. This work illustrates the are of basic study that is a 
lecessary prelude to important advances in applied research. An 
ther ex: imple of service and research ceaiias ‘ted under this project is 
lie formulation and evaluation of plasticizers derived from milk prod- 
cts. These plasticizers are necessary to many commercial plastics 
and rubberlike materials, and their use depends not only on cost but 
ulso on properties which the plasticizers confer on the product . With- 
out proper evaluation of this kind, a new chemical compound cannot 
e classified as a ao izer. 

Lae fopre ne BA ~anew synthe tie rubber. The knowle dge c¥e ained in 
the development of Lactoprene EV (see Research project RR L—t- 
6)-C-2 above) has been utilized in creating a sister material, Lacto 
prene BN. This latter rubber is designed to ove srcome the low-te mpera 
ture deficiencies of EV without serious sacrifice of other desirable 
properties. While this newer rubber has not yet attained the state of 
development of Lactoprene EV. considerable interest concerning it 

as been aroused in industry and Government. One large automotive 
corporation is examining it comprehensively for a variety of power 
applications. The Office of Rubber Reserve has arranged with the 
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Bureau to prepare substantial quantities of the rubber for evaluation 
by laboratories of the armed services. 


Research project RRL—4-(6)-OD-1 
Market surveys and industrial development activities on milk prod 
ucts have resulted in creating a demand for casein whey in penicillin 
production to the extent that a large dairy company is building a 
nian especially to produce crude lactose concentrates. 


F. SOME ADDITIONAL WORK NEEDED 


Direct conversion of proteins to industrial chemicals.—The hydro 
genation, oxidation, or heat treatment of proteins would be expecte«| 
to produce varied nitrogen organic chemicals. The preparation anc 
evaluation for industrial use of such products might establish entirely 
new uses for farm products. 

Preparation of standard purified milk proteins and the development 
of methods for determining protein structure and behavior.—It has 
become increasingly apparent that protein structure is the most impor- 
tant problem in the study and utilization of proteins. Protein struc- 
ture elaboration is dependent on the availability of pure proteins. Be- 

cause of their large supply and easy availability the milk proteins have 
a unique position among proteins. Our present work has stimulated 
requests for samples of pure standard milk proteins by research work- 

ers in Government, industrial, and academic institutions. While this 
activity is important in accelerating protein Hg geen. complying 
with these requests prevents the full prosecution of our research pro 
gram. Additional personnel to carry out the preparation of samples 
and the development of new tools is badly needed. 

Evaluation of the size and shape of protein molecules by means of 
the ultracentrifuge.—The most significant developments in the know]- 
edge of the structure of proteins during recent years have resulted 
from studies on - size and shape of protein molecules by means of the 
ultracentrifuge. ¢ ee studies of this type on the milk pro- 
teins would be of great value in correlating the mechanical properties 
of milk protein a with their molecular size and shape. Such 
measurements would also facilitate development of the light scatter 
ing method for determining molecular properties. 

Nonaqueous extrusion of protein products.—Protein fibers and plas 
tiesare made by extruding, spinning, or molding with varying amounts 
of water. A comprehensive survey of the flow properties of mixtures 
of anhydrous proteins and organic compounds may lead to protei 
products of superior value. 

Distribution of proteins and amino acids between immiscible so! 
vents.—Experimental studies are needed on the solubilities of proteins 
and amino acids in pairs of immiscible solvents. The results would be 
important in developing methods for purifying and determining the 
amino acid content of proteins. 

Development of new synthetic rubber.—The new synthetic rubber, 
Lactoprene EY, is outstanding in its resistance to dry heat and oils at 
elevated temperatures. Although this materia] is suitable for a wide 

variety of applications its utility could be further extended by lowe: 
ing the brittle point and decreasing swelling in steam. These latter 
improvements in quality could be “achieved by further formulation 
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studies on the present copolymer or by the development of new co- 
polymers with improved physical properties. 

Evaluation of new derivatives of lactic acid —Lactic acid can be 
transformed into a variety of derived products. Although numerous 
esters and amides of this acid have been investigated many other deriv- 
atives such as salts, ethers, anhydrides, nitriles, and ring systems merit 
investigation. The complex esters, which offer possibilities as consti- 
tuents of paint and varnish formulations, justify further exploitation. 
The development of new processes for the production of high quality 
and low-cost lactic acid continues to be of major industrial importance. 

New organic acids from milk byproducts.—W hey and skim milk are 
attractive raw materials for many other organic acids in addition to 
lactic acid. Examples of these are levulinic, fumaric, itaconic, citric, 
mucic, ketoglutaric, and saccharic acids. Most of these acids offer 
potential promise but are presently unimportant as chemicals in our 
industrial economy. The industrial utilization of these chemurgic 
products requires further research of both a fundamental and applied 
type. 

Basic Resrarcu 1x Darry Propucts 


(BDI-—a-5—-S—Federal—Recular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain basic knowledge of milk and its constituents, of the bac- 
teria usually present in milk and of those used in dairy manufacturing 
processes, of the changes that take place naturally in milk and in the 
manufacture of dairy products, and to find ways of applying such 


knowledge to the economical production of dairy products and the 
improvement of their quality. Current work is concerned with (1) 
ascertaining the organisms involved in mastitis, (2) identifying the 
minor components in milk fat and the oxidation products of milk 
fat, (3) finding means of preventing deterioration of milk and milk 
products, and (4) determining the shape, size, and chemical nature 
of the protein particles in milk and milk products for the purpose 
of controlling the physical characteristics of dairy products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-J-8-3—F at acids present in milk fat. To isolate the minor fat 
acids from milk fat and to determine whether they have unique nutri- 
tional value. 

a—5-8-5—F actors influencing the germination of bacterial spores, 
with particular emphasis upon dormancy and the means by which it 
can be evercome. To find a practical means of preserving concen- 
trated milks without resorting to the intense heat treatment that im- 
parts an undesirable flavor and color. This is essentially a problem 
of finding a means of destroying bacterial spores. 

a—5-8-8—Detection and identification of mastitis organisms in the 
cow’s udder. To determine the different organisms that may be in- 
volved in mastitis infections, their relationship to the severity of the 
infections, and to the effectiveness of treatment by antibiotics and 


drugs. 


78552—51—-vol. 1 21 
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a-5-8-9—Identification of the flavoring substances in milk. To 
identify the substances that give desirable and undesirable flavors to 
milk so that means may be developed for preserving and possibly im- 
proving the flavor of milk. 

a—5-8-10—Prevention of lipolytic activity in dried milk. To find 
a practical means of treating fluid milk to destroy the fat-splitting 
enzyme lipase, so as to prevent lipolytic activity and the resultant 
rancidity in dried milk. 

a—5-8—11—Reactions of riboflavin in the light and in the dark, both 
in the presence and in the absence of oxygen. To determine the fac- 
tors involved in the decomposition of riboflavin—vitamin B.—in 
milk with the purpose of developing methods of preventing such 
decomposition. 

a—5-8-12—Effects of heat treatments of milk on the flavor and the 
keeping quality of dried milk. To determine the effects of widely 
differing conditions of heating milk on the flavor and keeping quality 
of the dried product with the purpose of finding ways of improving 
commercial dried milk. 

a—5-8-13—Effects of treating dried milk by inert gases under 
pressure. To prevent or delay oxidative deterioration of dried milk 
and thus lengthen its keeping life by displacing the oxygen by inert 
gases under pressure. 

a—5-8-14—Distribution of particle sizes of protein in skim milk. 
To prepare for publication the results of research on the distribution 
of the particle sizes of the colloidal protein of skim milk. 

a—5-8-15—Distribution of calcium in skim milk. To determine 
what proportions of the calcium of milk are in the serum, in the cal- 
cium caseinate, and in the calcium phosphate associated with the 
calcium caseinate in order to explain the little-understood behavior 
of some milks during processing. 

a—5—8-16— Relationships between shape and rate of fall of particles 
through viscous media, and applications in the calculations of the 
molecular weights of proteins. To determine the effects of differences 
in shape of particles on their rate of fall in viscous liquids, and to 
use the data to identify shapes and sizes of protein particles in milk. 
The ultimate objective is to improve the stability of concentrated milks 
and the dispersibility of dried milks in water. 

a-5-8-17—Effect of increasing the H-ion concentration of milk on 
the keeping quality of its dried product. To determine the degree of 
acidity of milk most favorable to high quality and long keeping time 
of dried milk made from it. 

a—5-8-18—The degree of solvation of proteins. To determine the 
proportion of water or solvent associated with protein particles. This 
information is needed for the calculation of molecular weights from 
measurements of rates of settling in a liquid under centrifugal force. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research basic to problems of the dairy manufacturing industry 
has been a continuous and major function of this organizational unit 
since 1902. Physical chemistry, organic chemistry, biochemistry, and 
microbiology have been the fields of science involved and the imme- 
diate aims have changed over the years as needs became evident. In 
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the earlier years problems basic to the making of butter were con- 
sidered the most important. Later, emphasis was placed on casein, 
milk sugar, whey protein, dried milks, and fermentation products of 
whey in approximately the order given, with problems basic to cheese 
being investigated almost continuously since 1904 and those basic to 
concentrated milks since 1916. 


D. FUNDS-—-ANNUAL EXPENDITURES 


In 1902, when basic research related to dairy manufacturing began 
in this Department. approximately $5,000 was expended for this pur- 
pose annually. The annual expenditures had increased to $33,000 in 
1925 and have varied between that and $75,900 since then. The allot- 
ment for 1950 was $99,800. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The development of a process for making butter from sweet cream 
has resulted in greatly improved butter quality and savings to the 
butter industry estimated at between 1 and 20 million dollars annually. 
Prior to 1910 almost all butter was made from raw, sour cream, as 
had been the practice for centuries. Such butter developed metallic, 
oily, and fishy flavors in storage, thus causing great economic loss. It 
was shown after detailed research that butter of good flavor and excep- 
tional keeping quality could be made from pasteurized sweet cream. 
Buttermakers soon began to abandon the practice of making butter 
from high-acid cream. At present, practically all cream for butter- 
making is pasteurized, a large proportion of it is sweet cream, and the 
rest is only mildly acid or is neutralized. Oily and fishy flavors are 
now rarely found in creamery butter in the United States. 

The development of simple methods of determining the acid strength 
of a solution, by measuring hydrogen-ion concentration, and the dem- 
onstration of the importance and usefulness of these methods have 
led to their use not only in the dairy industry, but in many industries 
and in all fields of science. The Clark-Lubs series of color indicators 
developed in this work is widely used for testing acidity, and electrical 
instruments are used for both testing and regulation of acidity in 
industrial processing. H-ion (acidity) control is employed in making 
cheese, butter, casein, milk sugar, and fermented milks. Industries 
requiring H-ion control include sewage disposal, the fermentation 
industries, and the manufacture of textiles, paper, soap, sugar, phar- 
maceuticals, and many other products. 

The development of the process for making grain-curd casein was 
made possible by the research on H-ion concentration. This process 
is simple, easily controlled, and makes a uniform, high-grade casein. 
Such casein was greatly needed, particularly during World War I, 
when it was first made commercially. 

The discovery in 1918 of the close similarity of the organism causing 
infectious abortion in cattle to that causing Malta fever paved the way 
for the discovery in 1924 that the organism causing undulant fever 

i man was the same as the abortion organism, and hence to a know]- 
elge of means of prevention of transmission of undulant fever, i. e., 
pasteurization to kill the organism. 
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The identification of the vitamins and amino acids required for the 
growth of certain bacteria and lactose-fermenting yeasts has made it 
possible to use these organisms to measure the quantities of these 
vitamins and amino acids in foods, 

The development of procedures for making textile fiber from casein 
and the obtaining of eight patents on these procedures make possible 
the production of this fiber in the United States without the payment 
of the excessive royalties demanded by foreign patentees. 

The development of a process for making lactic acid by fermenta- 
tion of the milk sugar in whey has made possible the profitable utili- 
zation of whey that would otherwise be wasted or would require expen- 
sive treatment facilities for its disposal. 

The development of a fermentation procedure for converting sugars 
to citric acid was the basis for the establishment of a commercial proc- 
ess for producing this acid. Though not of benefit to the dairy indus- 
try, because sugars other than milk sugar are more economical to use, 
this development has been of great value to the chemical industry in 
producing citric acid to supplement the limited supply available from 
lemons. 

The production of highly resistant coatings for metals from lactic 
acid, though not in use commercially, makes possible an adequate coat- 
ing for food cans should the United States again be cut off from a 
supply of tin. 

F. SOME ADDITIONAL WORK NEEDED 


Means of preventing the so-called owidized flavors that develop in 
both fluid and dried milks.—Efforts so far have succeeded only in 


retarding the development of these flavors. Identification of the sub- 
stances producing the flavors should make possible the conversion of 
either the precursors or the bad-flavored substances themselves into 
flavorless substances. 

The cause of the lessening of solubility of dried milks in storage— 
The changes that take place in the protein and that involve water are 
probably eux responsible for the loss of solubility. A study of the 
taking up and release of water by the protein and possibly by the lac- 
tose should furnish information of practical value. 

The synthesis of vitamins by fermentation of whey.—If, as seems 
likely, vitamin B,. can be successfully produced by fermentation of 
whey, another means for utilization of whey will be available as well 
as a source of a highly important vitamin. 

The effectiveness of antibiotics in the preservation of dairy products 
and their effect on the assimilation of milk—Some of the more re- 
cently discovered antibiotics have value as food preservatives and 
may be suitable for use in the preservation of milk. Some have 
definite effects on the growth of animals and there would be practical 
value in knowing whether they affect the assimilation of milk. 

Identification of the combinations of phosphorus in milk:.—This 
knowledge would aid in the understanding of the differences in be- 
havior of milk in processing and probably aid in improving the 
assimilation of phosphorus from milk in nutrition. 
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DisposaL or Datry Wastes 


(BAIC—RM: a-113—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop a satisfactory inexpensive process for the treatment of 
dairy-plant wastes so that stream pollution from this source can be 
effectively eliminated. The current work is primarily upon the 
dilute wastes that are unavoidable in normal plant operations. Labo- 
ratory studies of the microbiological destruction of these wastes in a 
continuous-flow system and of the biochemistry of their oxidation in 
the activated-sludge process are being made. 


3. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—113-1—Oxidation of dairy wastes. To study and improve 
the biochemical oxidation of milk wastes by aerobic fermentation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was started late in 1947 upon recommendation of the 
RMA Dairy Advisory Committee. After consultation with a com- 
mittee of an organization that represents all branches of the dairy 
industry, it was decided to concentrate initially on cheese whey, the 
dilute processing waste from which no economic return can be ex- 
pected, but which constitutes a major stream-pollution problem. 
However, the adaptability of a Bureau-developed process to the fer- 
mentation of cheese whey and the possibility of producing valuable 
products from it are being kept in mind, for there are such large quan- 
ties of waste whey that it is extremely cheap. and its disposal is often 
a serious problem. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 1948, $14,400; 
1949, $20,400; 1950, $24,400. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A rational explanation of the biochemical process in aerobic owida- 
tion of dairy waste has been developed.—lt has been shown by labo- 
ratory experiments that microorganisms convert the protein and 
sugar of the waste almost instantly into cell tissue. In so doing, they 
consume large amounts of air and rapidly produce sludge. This 
sludge can be removed mechanically, leaving a relatively innocuous 
efluent. The development of this laboratory process into an indus- 
trial waste-disposal process requires further work, but the results 
obtained so far have obvious applications in sanitary engineering 
practice. 
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F. SOME ADDITIONAL WORK NEEDED 


Engineering evaluation, including field tests in dairy plants, wil! 
be required to determine the usefulness of our biological process for 
disposal of cheese whey. 


Mitx anp Minx Propvctrs as Sources or Viramin B,, 


(BDI—RM: a-559—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the use of milk and its products as food for man and 
animals by determining the vitamin B,. potency of milk and milk 
products as affected by the diet of the cow and by various methods 
of producing, processing, and storing of milk and milk products. 
Current work is devoted to studies of the vitamin B,. content of 
milk, the source of this vitamin in the milk, and the relative amounts 
contained in the different dairy products. Efforts are being made 
to work out procedures for increasing the content of vitamin B,, 
in milk by feeding or otherwise, and to attempt to preserve and con- 
centrate 1t in manufactured dairy products. Studies are in pro- 
gress to determine the B,,. requirement of the young calf and to 
develop improved ways of providing needed amounts to the calf 
at various stages of development. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-559-1—Vitamin B,,. activity of milk. To determine, by 


means of rat assays, the amount of vitamin B,, activity of milk pro- 
duced by different breeds of cows and under different conditions of 
feeding. To determine the effect of different methods of pasteuri- 
zation on the amount of B,, activity. 

RM: a—559-2—The vitamin B,, requirements of dairy calves. To 
determine (1) whether the young calf with a nonfunctioning rumen 
requires a dietary source of vitamin B,., (2) the amount of B,, re- 
quired if its need is demonstrated, and (3) the necessity of adding B,, 
in the form of milk products to commercial calf starters. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In the work of another project (a-3-1) it has lately been shown 
that milk and milk products such as dried skim milk, various cheeses. 
commercial casein, ete., contain vitamin B, or a substance which 
functions like vitamin B,,. in the normal mammal. Because of thie 
recently recognized importance of this vitamin in nutrition, the 
present work was undertaken in 1949 to obtain information on the 
contribution that milk and milk products and byproducts can make 
in providing this nutrient in the diets of both humans and farm 
animals, 

The vitamin B,, requirements of the voung dairy calf are un- 
known. Deficiency of this vitamin in many of the feeds used as calf 
starters, coupled with a tendency of commercial feed mixers to 
reduce the quantity of milk products in such starters, emphasizes 
the necessity of determining these requirements prior to the evalua 
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tion of starters now in common use and of the place of milk products 
in them as sources of By. Since the value of milk and milk products 
as food sources of B,, depends upon their content of the vitamin, em- 
phasis is laid upon determining (1) the effect of breed of the cow, 
of different conditions of feeding, and of different methods of pas- 
teurizing on the vitamin B,, activity of milk; (2) the effect of various 
factors in processing on the stability of the vitamin and its distribu- 
tion between product and ngprornats (3) the effect of various con- 
ditions of storage on the B,, activity of milk products; (4) the 
average B,, potency of all dairy products; and (5) the utilization of 
byproducts as sources of the vitamin. 


D. FUNDS—ANNUAL EXPENDITURES 
The cost of this project for fiscal year 1950 is $10,000. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Vitamin B,, activity of milk —A biological procedure, using rats 
as the test animal for the assay of the B,. potency of milk, has been 
developed which appears to give good results. Milk from Jersey cows 
and milk from Holstein cows were found to be equally potent in vita- 
min B,., both when the cows were on barn feeds and when they were 
on pasture. Similarly, milk produced by cows on barn feeds and milk 
produced by cows on pasture were not different in this respect. The 
B,, potency of neither “barn” nor “pasture” milk was materially 
altered when subjected to pasteurization by the holding method or 
by the flash method. Storage of raw milk in a household refrigerator 
for 1, 2, or even 3 days brought about no significant changes in the B,, 
potency. 

B,, potency of dried skim milk.—Lots of dried skim milk, pre- 
pared under the same conditions, were found to have approximately 
the same vitamin B,, potency, whether the original milk was produced 
by cows on barn feeds or by cows on pasture. As little as 7 percent of 
either product, incorporated in an otherwise B,, deficient ration, 
allowed practically normal growth in rats. 

In studies to determine the requirements of the young dairy calf 
for vitamin B,,, exploratory experiments resulted in development 
of a suitable synthetic “milk” which, although not devoid of B,., 
was low in the vitamin. This product allowed fair growth and 
development in calves from birth to 3 months of age. Further investi- 
gations resulted in a synthetic “milk” devoid of vitamin B,.. Work 
with this calf ration is now in progress. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of the nature of the vitamin By-active substance in 
milk.—Little is known of the character of the vitamin B,.-active 
material in milk. The work in another project (a—3-1, unidentified 
nutrients in milk) indicated that most, if not all, of this activity is 
firmly bound to the casein. Elucidation of the chemical and physical 
properties of this combination and of the active substance is of vital 
importance to an intelligent understanding of the effects on them of 
various factors in the processes used in manufacturing milk products, 
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to the efficient preservation and utilization of the B,, activity of the 
original milk, and to exploring the field of increasing, by fermentation 
processes, this activity in milk products and byproducts over and above 
that present in the original milk. 

Vitamin B,» potency of milk products.—There are very few data 
available on the vitamin B,, potency of various milk products. In- 
formation is needed regarding the potencies of various kinds of cheese, 
of dried whole milk and dried skim milk prepared in various ways, 
and of other milk products. In need of study. also, are the effects 
of different methods of manufacturing on the B,, activity of a given 
product, the distribution of the original potency of the milk between 
product and byproduct and related ‘problems. The question of the ef- 
fect of various conditions of storage is practically untouched. 

Enhancement of B,, activity of feeds and of milk products and by- 
products.—It. was shown in related work in another project (a-3-1, 
unidentified nutrients in milk) and by other laboratories, that foods 
and feeds that are deficient in vitamin B,. may readily acquire decided 
B,. activity if allowed to ferment under certain conditions. The 
B,.-active material is in a form that permits it to be used not only in 
the normal animal but also clinically. This source of B,.-active ma- 
terial should be explored in the interest of the nutrition both of hu- 
mans and of livestock, from the point of view of increasing the vitamin 
B,. activity of milk and milk products and of feeds, and increasing the 
utilization of milk byproducts. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAI—b-6-2, chapter 3, dried whey in poultry diets. 

BDI—a-6, chapter 35, process butter inspection. 

BAIC—RRL-+7, chapter 1, utilization of fats and oils. 

BAI—RM: a-510, Chapter 1, processing and utilization of animal fats and 
byproducts. 


C. MARKETING 


MeetinG Dairy Market SANITATION AND Heattru ReQuireMENTsS 
Most EconoMICALLY 


(BAE—FCA—OES—RM: c—550—Federal-State and Contract—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To test the influence on quality of milk of methods of production 
and marketing and of low-cost new or remodeled buildings and as- 
sociated facilities used in the dairy enterprise. Current work falls 
under two main headings: (1) A general determination and appraisal 
of production and marketing practices most closely associated with 
quality of milk, and of the effectiveness of milk- -quality improvement 
programs carried out by producer cooperatives; and (2) determination 
of the most economical methods of producing and preparing highi- 
quality milk for market. Special current emphasis is on determination 
of the lowest possible investment and cost of farm dairy buildings and 
equipment designed to facilitate use of the best- known practices for 
handling milk preparatory to its leaving the farm for the market. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


*This project is conducted under contract. It emphasizes the 
objectives outlined in A (2) above. No special line project title has 
been given but a project outline has been developed in accordance with 
which the work is being conducted, under the general work project 
title. 

Funds for this line project are allocated for expenditure by the 
Bureau of Agricultural Economics. The Bureaus of Plant Industry, 
Soils, and Agricultural Engineering, Dairy Industry, and the agricul- 
tural experiment stations of Illinois and Missouri are actively par- 
ticipating, but not as financial cooperators. The work on engineering 
phases done by the Bureau of Plant Industry, Soils, and Agricultural 
Engineering on this project is reported under project RM : b-73, ch. 30. 

RM: c-550-LP-1—Prevention of weed flavors in marketing dairy 
products. To establish causes of weed flavors in dairy products, to 
develop methods to be used on farms for eliminating or preventing 
these defects in cream and butter, to develop methods of positive iden- 
tification of defective cream at time of purchase, and to minimize de- 
fects by variations in manufacturing procedures in butter plants. 
(Research conducted through the Office of Experiment Stations by 
the Oklahoma Agricultural Experiment Station.) 

*Factors associated with milk quality, and effectiveness of quality- 
improvement programs of cooperatives. Factors influencing quality 
of milk delivered by producers, and the content and effectiveness of 
quality-improvement programs of producer cooperatives will be 
studied. Current work is being done by the Farm Credit Administra- 
tion. It is contemplated that the Indiana Agricultural Experiment 
Station will cooperate in one phase of the work. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on this subject is relatively new. However, the problem of 
finding the factors which are really important in the production of 
high-quality milk has been developing for many years. Differences 
in interpretation of the United States Public Health Code relating 
to production and preparation for market of high-quality milk have 
caused much confusion in different milksheds. Many of the require- 
iments as to facilities and practices are based entirely on a subjective 
evaluation—the real facts as to the influence of many of these “require- 
ments” on the quality of milk are not known. New techniques and 
new facilities are being developed which may render obsolete some 
of the standards which were valid under previous conditions. Mean- 
while, dairy production and marketing costs have been rising relative 
to costs in other livestock enterprises. It has become imperative, 
therefore, to develop means of greatly reducing the costs of dairy 
production and marketing in order to maintain the desired volume 
of high-quality milk for fluid consumption. But in reducing these 
costs, the quality of milk as ascertained by objective tests must be 
maintained, and in many instances must be greatly improved. 

Factors other than those relating directly to facilities used in pro- 
ducing and preparing milk for market have important influences on 


*Lines of work for which no symbols have been assigned. 
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the quality of milk. These include practices relating to feeding and 
pasturage of the cows and to other farm practices associated with the 
dairy enterprise. All of these are in need of study as a basis for 
programs to improve the quality of milk as it reaches the consumer. 
These are the background considerations on which this project is based. 


D. FUNDS—-ANNUAL EXPENDITURES 


Allotments for fiscal year 1950 were $5,000 for OES; $5,000 for 
FCA; and $35,000 for BAE, including commitments made for work 
done under contract. There were no expenditures before fiscal year 
1950. 

E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


As all lines of this work project were initiated in fiscal 1950, there 
are no final accomplishments to be reported. However, indications 
from test farms are that the essential facilities for the production and 
preparation for market of high quality milk can be provided at a cost 
per cow that may be substantially lower than that of the more conven- 
tional types of facilities commonly found on dairy farms from which 
grade A milk is sold for direct fluid consumption. If the tests now 
being conducted bear out present indications, the implications are of 
great importance in terms of cost reduction in dairying. Progress has 
been made in a study of factors influencing quality of milk through 
tabulation of information pertaining to Fidividial producers and 
relating this to results of quality tests made of milk originating from 
the same farms. New methods have been developed for detecting 
certain quality defects originating from causes associated with weed 
infestation of pastures. 


F. SOME ADDITIONAL WORK NEEDED 


Additional areas should be studied because current lines of work in 
the areas where undertaken will not have universal application owing 
to differences in climatic conditions and other factors. The necessary 
investment cost in facilities for producing and preparing high-quality 
milk may be quite different in the South from the North. Similarly, 
the factors influencing quality of milk at all stages in the process of 
its production and preparation for market, vary widely with local 
conditions. Programs for milk-quality improvement must take these 
variations into account in order to be effective. Some of the work 
will need to be extended to certain other areas so that the results will 
have general application throughout the country in reducing the cost 
of the combined job of supplying consumers with adequate quantities 
of high-quality dairy products. 
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RecionaL Researcu iN Datry MARKETING 
(BAB, PMA, FCA—RM: b-221—Federal-State—Regular Funds) 


(For work in cooperation with States under regional projects NCM-1, NEM-1, 
SM-2, and WM-1, see ch. 39) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) study factors affecting demand and consumption which will 
help increase the consumption of dairy products, (2) study industry 
and Government policies and practices which directly influence the 
use of dairy products, (3) study price relationships and to develop 
standards and methods of pricing milk and dairy products which will 
promote optimum utilization and will balance supplies and require- 
ments, (4) develop solutions for problems caused by seasonal varia- 
tions in milk production, and (5) study the costs of marketing dairy 
products with the view of developing more efficient marketing proc- 
esses. Current work deals with aspects of these lines of work localized 
as to regions. These regional studies will also supplement related 
studies carried out under other related projects, such as RM: c-163, 
ch. 26, “Measurement of Costs and Margins in Marketing Farm 
Products.” 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-221.1—Economic impact of changes in the utilization of 
milk in the West on producers, processors, and consumers. To de- 
velop pricing standards for milk in line with changing utilization and 
to aid the adjustment of marketing facilities to changing requirements 
for dairy products in the region. 

RM: b-221.2—Intermarket price relationships for milk and dairy 
products in the Northeast. To ascertain the relationships between 
prices of milk among the principal markets of the Northeast that 
will result in a sound economic allocation of supply areas. 

RM: b-221.83—Milk control agency operations in the Northeast. 
To study and appraise the methods by which regulatory agencies 
arrive at prices to be paid for milk, the pricing factors considered, 
the effectiveness of price regulations in establishing satisfactory price 
relationships, and the effect of economic regulation on the dairy 
industry in the Northeast. 

RM: b-221.4—The pricing of milk and its products in the North 
Central region. To (1) examine the methods by which prices are 
established for (a) butter at exchanges and at country points, and (>) 
nonfat. dry milk at country points, (2) appraise their adequacy and 
suiggest. ways for improving them, and (8) evaluate present methods 
of pricing class I milk and their effects on consumption of fluid milk 
and on the production and prices of manufactured dairy products in 
the North Central States. 

RM: b-221.5—Seasonality of milk prices and supplies in the South. 
To learn how fluid-milk distributors adjust their milk supplies to 
requirements and to study the problems associated with seasonal 
surpluses and deficits of local production. 
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RM: b-221—Reducing labor requirements in cheese making. ‘To 
analyze oie cheese- making procedures and equipment, in terms 
of labor requirements, and to develop new methods that will require 
less labor. 

C. HISTORY AND EVOLUTION OF THIS WORK 


Regional research in dairy marketing received attention from the 
New England Research Council in the 1920's because of the over- 
lapping of fluid-milk markets in that region which made a regional 
approach most necessary. Milk-marketing research in the Depart- 
ment of Agriculture dates back to the beginning of the century—two 
bulletins published by USDA about 1900 dealt with milk marketing 
in Boston and Chicago. Research in dairy marketing by the Depart- 
ment and the States has contributed to improvements in the market- 
ing plans worked out in negotiations between milk producers and 
milk processors, or administered by milk control agencies. The 
regional approach, which evolved from the beginnings in the New 
England Research Council, has led to closer coordination of related 
lines of work in different States and to concerted action in projects 
involving several States. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures of RMA funds for this work have been: 


| BAE | PMA | FCA 


——_— —__ —-— a 


i | 
Fiscal year 1948. ie ei ee) $13, 600 | 
Fiscal year 1949 : aoe 33, 600 | 
Fiscal year 1950 . ‘ 39, 900 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Large savings in the costs of distributing milk.—An early (prior 
to RMA) series of reports on efficiency of milk marketing in New 
England disclosed the solid economic basis for the every-other-day 
delivery of milk. These reports stimulated change in delivery prac- 
tices during World War II when savings in labor and transporte ation 
became urgent. Other valuable studies in the series dealt with assem- 
bly of milk from farms and with reducing costs in country milk plants. 

Comprehensive results are only beginning to emerge from regional 
research undertaken under RMA. A badly needed summary of our 
present knowledge of factors affecting the demand for milk and dairy 
products is contained in a report on “What Makes the Market for 
Milk,” prepared by experiment stations in the northeast and north- 
central regions. 

North central regional studies of the use of nonfat dry milk by food 
industries and institutions contributed toward expanding the market 
for nonfat dry milk.—Other regional research reports now in manu- 
script stage will probably be issued during the coming year. 

The western regional research studies have analyzed . the impact of 
shifts in population on the utlization of milk and the extent to which 
adjustments between the manufacturing milk industries and the fresh 
milk distributors have been necessary to meet the changes in demand 
for milk and milk products produced in the Western States. 
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F. SOME ADDITIONAL WORK NEEDED 


The character of regional dairy-marketing research should depend 
on the character of dairying i in the region, and on the relative prog- 
ress which each region has made in solving its marketing problems. 

In the Northeast, the need is for studying the marketing of milk 
produced in the region but not consumed as fresh whole milk—its 
pricing, the forms in which it can be used best, the efficiency of plants 
handling it, the adequacy of existing market channels, and the rela- 
tion of the seasonal surplus to costs of milk production and marketing. 
In the South, further studies of marketing of fluid milk should deal 
first with methods of pricing milk to local producers and handling of 
seasonal surpluses. 

In the north ventral region, the marketing of milk for manufactur- 
ing purposes is the principal field requiring rescarch at present—to 
expand consumption ; to develop market information, including news 
of prices, demand, and supply ; and to investigate the effect on market- 
ing costs of seasonally varying production of milk. 

Marketing research is needed in the north central region regarding 
the problems arising from the distribution of milk to places more than 
100 miles from central plants. 

In the West, continuing research is required on the problems of a 
crowing demand for fluid milk caused by a growing poyration and a 
diminished supply of milk for manufactured dairy products. 


Errect or Centrat Markets on Datry Farm INcoME 


(PMA-FCA—No. RM: c—409—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this study is to determine whether or not the present 
system for marketing butter has an adverse effect upon dairy farm 
income and, if so, to recommend changes in the present method. 

For many years it has been the custom of creameries and cheese 
factories to ship their products to central market buyers without 
knowing what price they would be paid for the product shipped. 
These factories usually had informal agreements that the price they 
would be paid would have some relation to a central market quotation 
not yet established when the product left the factory. Generally, 
neither the farmers supplying milk and butterfat to these factories 
nor the owners or managers of these factories take any part in the 
establishing of the central market quotations. 

Such a method of selling—although this method can hardly be 
called selling—might have considerable influence on dairy farm in- 
come. The purpose of this study is first to describe more precisely 
what actually happens and second to find ways of bringing what 
happens to the attention of dairy farmers. It is hoped that this will 
cause dairy farmers to take more interest in and more responsibility 
for the marketing of their products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-409-1—Analysis of present system of establishing butter 
values, and methods of improving the present value-establishing proc- 
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ess. To describe in detail the present marketing system for butter 
beriioulen y with reference to butter trading on the Chicago and New 

‘ork Mercantile Exchanges; to study the influence of the butter 
futures market upon the spot butter market, particularly as to whether 
the futures market tends to stabilize the spot market; to examine 
butter buying and selling practices at the various levels of trade; to 
examine methods by which larger quantities of butter could enter 
into the establishment of the “market” for butter in order that the 
value of butter might be determined on a more reliable base. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Several studies have been made of various phases of the value- 
establishing process for butter and other dairy products. In 1940, 
a study was made of the Chicago butter market. The University 
of Wisconsin has done considerable work on the implications in- 
volved in the use of the Wisconsin Cheese Exchange as a medium for 
establishing cheese values. The work already done has served to 
indicate the need for further research. The present study began in 
1949. The dairy industry and producer organizations have indicated 
a need for information on the subject, since the price of butter is basic 
to the price structure of the entire dairy industry. 

The Farm Credit Administration has worked cooperatively under 
this project with Iowa State College on a study of prices received for 
butter by Iowa creameries at various country points. The results of 
this study have been published. A group of colleges in the Midwest 
are currently conducting a study of creamery pricing practices. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 


| PMA | ‘FCA 


Fiscal year 1949. ___- accuses “a oe $6, 600 | $4, 800 | 
Fiscal year 1950 ef 9. 000 | 2’ 600 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Although the work is still in its early stages, considerable statistical 
data have been assembled. Indications are that the central market 
quotations, except on the west coast, are established on the basis of 
extremely limited trading on two mercantile exchanges and that this 
trading is done by a very limited group. It is not implied that there 
is any effort to hmit trading. Rather, it appears that most people 
buying and selling butter and cheese prefer to avoid responsibility 
in the price-making process and to depend upon others to do it for 
them. 

Many of the representatives of producer groups and creamery 
leaders who were interviewed expressed great interest in this study 
and indicated a need for an objective appraisal of the present method 
for establishing butter prices. 
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F, SOME ADDITIONAL WORK NEEDED 


Detailed work is needed as to— 

1. The relative amounts of butter moving through various 
channels of trade. 

2. Inner workings of the present value-establishing process. 
Who trades on the central exchanges? Why? When? 

3. The relation between grade and value. 

4. The relation of butter futures trading to spot butter trading. 

5. The manner in which the amount of butter traded over 
central market exchanges could be increased. 


Yrevp or Dairy Propucrs From a Given Quantity or Mink 


(PMA-BDI—No. RM: c-410—Federal—RMA Funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To determine the amouts of various dairy products which may be 
obtained from a given quantity of milk. Sitios yields have a direct 
influence upon the value of rile utilized in a given dairy product, it 
is important that producers and producer organizations have accurate 
information available as to normal dairy-product yields in order that 
they may determine whether they are receiving their full share of the 
value of milk processed into a given dairy product. Most Federal 
milk-marketing orders contain “butter-powder” or “butter-cheese” 
pricing formulas which make use of yield factors in establishing 
“use-values” for milk utilized in certain manufactured dairy prod- 
ucts. Also, such formulas many times are used as the basis for 
establishing fluid-milk and fluid-cream prices, and thus yield factors 
may indirectly influence the price consumers pay for fluid milk and 
cream. Accurate information as to normal dairy-product yields 
should enable plant operators to detect inefficiencies in their manu- 
facturing operations. Elimination of such inefficiencies should work 
in the direction of more equitable payment of producers for their 
products and of lowering the prices of dairy products to consumers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-410-2—To determine the relation between the weight and 
volume of milk and cream at various temperatures. To determine 
experimentally data for compiling tables covering the weights of a 
gallon of milk and a gallon of cream for the practical ranges of tem- 
perature and of fat. Present weight-volume tables are known to be 
unreliable. The information developed in connection with this study 
should assist in improving present methods for accounting for milk 
under the classified-price plan, which in turn will work in the direc- 
tion of increasing producers’ returns. 

RM: c-410-3—To determine the relationship between the amounts 
of fat and solids-not-fat in whole milk. To determine whether any 
consistent relationship exists between the fat and solids-not-fat in 
milk. If such a relationship were developed it would be possible to 
improve present methods of paying for milk by making payment on 
the basis of solids-not-fat in milk, as well as on a butterfat basis. 
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The establishment of such a relationship would assist in the calcula- 
tion of yields of dairy products from milk of varying composition. 

RM: c-410-4—To determine the amount of nonfat dry milk solids 
which may be obtained from 100 pounds of whole milk and from 100 
pounds of skim milk under usual commercial operations. Such yield 
information is vital to the establishment of use values for milk under 
the classified-price plan and will assist plant operators in determining 
whether they are obtaining the yields they should. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was undertaken late in 1948. There has been an evident 
need for a dairy-product yield study. The need for a study of this 
nature may be found in the records of public hearings held in con- 
nection with Federal milk-marketing agreement and order programs. 
During these hearings thousands of pages of conflicting testimony have 
been taken concerning dairy-product yields. There exists little au- 
thoritative information on the subject. Dairy-plant operators find 
it difficult many times to assemble accurate yield information and 
often find it difficult to determine whether they are obtaining the 
yields they should. 

Yields are influenced by both the fat content of the milk and the 
solids-not-fat content. Attempts are being made in this study to 
analyze the relationship which exists between the fat in milk and 
solids-not-fat and to determine the effect of the various constituents 
in milk upon dairy-product yields. During recent years the solids- 
not-fat in milk have increased in value relative to butterfat: for this 
reason some dairy plants have begun to pay producers for milk on the 
basis of solids-not-fat in milk as well as the butterfat in milk. In 
order that producers receive their full share of the value of their milk, 
it is important to develop information as to the ratio of fat to solids- 
not-fat in milk. On the basis of such information, more equitable 
methods of paying producers for milk may be developed. 

The study of commercial yields of nonfat dry milk solids covers 
the operations at 18 manufacturing plants and represents a detailed 
analysis of the manufacturing process at these plants. Plant op- 
erators were very cooperative and showed a keen interest in the results 
of the analytical studies at their plants. They were also extremely 
interested in the work done with respect to the ratio of solids-not-fat 
to fat in milk. 

D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 


Fiscal year 1948 
Fiscal year 1949 
Fiscal year 1950 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Information developed as to the relation of fat to solids-not-fat in 
milk has helped to provide a basis for the development of methods 
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of paying producers for milk on the basis of solids-not-fat as well as 
the fatin milk. One fact that has tended to work against the adoption 
of this method of payment has been the lack of adequate information 
as to the ratio of fat to solids-not-fat. The nonfat solids yield factors 
obtained as a result of this study should assist in the development of 
more realistic measures for the value of milk utilized in manufactured 
dairy products. As previously mentioned, this will be particularly 
helpful in connection with establishing use values under the Federal 
milk order program. 


F. SOME ADDITIONAL WORK NEEDED 


The work which has already been done on this study has served to 
point out the inadequacy of existing information as to nonfat dry 
milk solids yields, and points to the need for detailed analysis of 
butter, cheese, and evaporated-milk yields. 


E-rrect or Certain ReGutarory MEASURES ON THE QUALITY OF MILK 
(PMA—No. RM: c-462—Federal Contract—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This study is designed to indicate the type of sanitary regulations 
and manner of enforcement which are necessary to assure consumers a 
safe milk supply, and to make it possible to identify and eventually 
eliminate certain undesirable features which are contained in milk 
sanitary regulations. 

The current work on the project consists of (1) analyzing the specific 
provisions of State and local milk sanitary regulations, with a partic- 
ular view to determining how great a variation there is in the require- 
ments now in force, and (2) determining insofar as possible the effect 
of specific sanitary aiadlaasia and specific regulatory procedures upon 
the quality of fluid milk produced and handled under such standards. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


An analysis of city and State milk sanitary regulations in effect in 
1949 is being made with a view to determining the uniformity or lack 
of unifor mity of present standards. Regulations of the 48 States and 
of 92 cities with populations over 100,000 are being analyzed. After 
this work is completed, further studies will be made to determine the 
effect of particular regulations and standards upon the actual quality 
of milk in certain milk markets. All of this work will be done under 
contract. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Municipal and State governments enact and administer ordinances 
which regulate the production and handling of milk sold for fluid 
consumption in areas subject to their jurisdiction. Many of these 
ordinances have betn developed independently over a period of years 
and may vary considerably from one area to another. It is often 
claimed that these sanitary regulations tend to erect internal trade 
barriers around city milk markets. They may also atfect production 
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and marketing costs and thus have a direct effect upon supplies and 
upon prices paid by consumers for milk. 

No thorough investigation of the provisions and enforcement of 
sanitary regulations affecting milk has been made. This prompted 
the Committee of Production, Distribution, and Quality of Market 
Milk of the Agricultural Board of the National Research Council to 
propose this project. After discussions with this committee and with 
representatives of the Bureau of Dairy Industry and the United States 
Public Health Service, it was determined that the work should be 
undertaken and that it could best be conducted by contract with the 
National Research Council, an agency of the National Academy of 
Science. 


D, FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1949, $67,000; 
1950, $3,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Analysis of sanitary regulations completed.—The first phase of the 
study relating to provisions of various sanitary regulations has been 
completed. ‘The preliminary report has developed information as to 
(1) the types of regulatory agencies administering ordinances, (2) 
grades of milk provided for, (3) bacterial standards for raw and pas- 
teurized milk, (4) bacterial standards for raw and pasteurized cream, 
(5) milk-house requirements, (6) selected farm sanitation procedures, 
(7) bactericidal treatment of farm dairy utensils, (8) milk cooling 
temperature on farms, (9) selected milk-plant requirements. A few of 
the important findings made during the first phase of the study are: 
(1) One-third of the cities and one-seventh of the States that provided 
for the sale of raw milk for direct consumption did not require such 
milk to be produced from cows free from brucellosis. Thus this legis- 
lation did not protect the public health, since cows so infected may 
transmit undulant fever. (2) Sanitary laws tend to retain in some 
instances obsolete items and fail to include some newer concepts of 
milk sanitation. (3) There is a need to strengthen and improve sani- 
tary ice-cream control on a State level. (4) The Milk and Ordnance 
and Code recommended by the United States Public Health Service 
was followed in style and general details in about half the States and 
cities studied. 


F. SOME ADDITIONAL WORK NEEDED 


The work already under contract should be continued until the 
effects of sanitary regulations on the quality of milk have been deter- 
mined. The findings then should be brought to the attention of State 
regulatory officials and others who can put them to practical use so as 
to assure sanitary milk supplies with no more restrictions on the indus- 
try than are necessary to proper sanitation. 
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DevELOPMENT OF GRADES AND STANDARDS FoR Dairy Propucrs 


(PMA—Federal—Marketing Farm Pr *ts—F is) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality of dairy products, expand the market for 
them, and increase financial returns to dairy farmers by (1) devel- 
oping standards and grades for milk and milk products, (2) pro- 
moting the use of the standards and grades, and (3) providing basic 
information on the factors influencing the quality of dairy products 
so that their quality may be improved. Voluntary use of uniform 
standards is encouraged to foster ——— to the producer on a qual- 
ity basis, enabling him to improve his financial returns. The improve- 
ment of quality of dairy products helps to avoid waste; increase effi- 
ciency of production, processing, and distribution; and improve 
health and nutrition. Current work is particularly concerned with 
the development of standards for widely used dairy products. In 
addition, work is under way to provide basic information on the 
factors influencing quality, causes of and remedies for low quality, 
progress in quality Improvement, and on the operation of existing 
Federal, State, and industry standards and grades. Uniform stand- 
ards for milk, cream, and dairy products are essential to quality 
improvement and to the Federal grading and inspection service. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


The following work on development and promotion of standards 
and grades is under way: 

Standards for Cheddar cheese-—Proposed standards for grades of 
Cheddar cheese have been formulated and official United States stand- 
ards will be promulgated based upon such proposals. 

Standards for milk for use in the manufacture of dairy products. — 
Proposed standards for grades of milk for use in the manufacture of 
dairy products have been formulated, and official standards later will 
be promulgated. 

Standards for grades of nonfat dry milk solids —Information based 
on grading results from a large number of cars of nonfat dry milk 
is being used in revising standards for grades of nonfat dry milk 
solids. 

Standards for grades of dried whole milk.—Information based on 

rading results from a large sample of cars of dried whole milk is 
ate used in revising standards for grades of dried whole milk. 

Standards for cream.—The literature on quality of cream used for 
butter making is being revised to carry the new standards for grades 
of cream for use in the manufacture of butter. 

Standards for grades of creamery butter.—The present standards 
are being studied to determine whether or not they should be revised. 

Packaging of nonfat dry milk solids.—Arrangements are being com- 
pleted to determine the effectiveness of various consumer-size pack- 
ages for storing nonfat dry milk solids under conditions which simu- 
late shelf storage. 
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Demonstration and use of uniform standards.—The use of uniform 
standards for classification of dairy products is demonstrated and 
promoted through the collegiate students’ international contest in 
judging dairy products under the direct supervision of representatives 


of PMA. 
C. HISTORY AND EVOLUTION OF THIS WORK 


This work was started in 1919 with the grading of creamery but- 
ter. The grades were announced in service and regulatory announce- 
ments May 28, 1919. The standards established in these announce- 
ments were revised in 1939 and again in 1943. Because of a demand 
for the inspection of products other than butter, the expansion of 
continuous inspection programs of the Department, and the increased 
purchasing program of the Department, it became necessary to ex- 
pand the work in order to establish standards for all milk and milk 
products. This work was therefore established as a specific project on 
July 1, 1947. 


D. FUNDS-—-ANNUAL EXPENDITURES 


During the period 1920-47, while the work dealt mainly with stand- 
ards for grades of butter, the annual expenditures were approxi- 
mately $3,000. As a result of the need for the development and 
improvement of grades for additional products, $15,400 was made 
available for the work in 1947. Additional small increases were 
made in 1948, 1949, and 1950. The total amount for 1950 was $23,800. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New method measures scorched-particle content of dry milk solids — 
A disk method for determining scorched particles in roller-process 
nonfat dry milk solids by filtration has been developed by PMA. This 
test has been accepted by the industry and will enable it to determine 
the scorched-particle content of roller-process nonfat dry milk solids 
by filtration through a lintine filter disk. The method is not only more 
accurate but requires less time than the method now used in deter- 
mining scorched particles in this product. 

Measure of sediment in milk developed.—Sediment standards for 
milk and milk products have been promulgated. These provide the 
industry with a yardstick for measuring sediment in milk and milk 
products. Such’ standards encourage quality improvement. They 
will be used by the Department in the preparation of dairy-products 
standards. They have been widely accepted by the dairy departments 
of State agricultural colleges and by vocational agricultural high 
schools as a means for demonstrating the importance of sediment in 
milk as a quality factor in the manufacture of dairy products. 

Quality of butter improved by grading program.—The use of the 
United States standards for grades of creamery butter have brought 
about much improvement in the quality of butter. This improvement 
in quality has increased the demand and has been one of the main rea- 
sons for the increased price received by the producer for cream going 
into the manufacture of butter. 

Market outlets improved for dry whey solids—A request by the 
War Department for the Department of Agriculture to purchase dry 
whey solids for inclusion in foreign food programs necessitated the 
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formulation of tentative standards for this product. These standards 
have now been adopted by industry with the result that large quanti- 
ties of whey, which were previously a waste product of the cheese in- 
dustry or were converted into animal feed, are now converted into 
human food, increasing the income of the producer of milk used for 
cheese making. 

Standardization program improves quality of cheese —Tentative 
standards were established for grades of cheese. These standards have 
improved the quality of Cheddar cheese and thereby increased the 
demand. Furthermore, their use is helpful in selecting cheese for ag- 
ing. This has minimized the loss of cheese in storage. 

Keeping quality of condensed milk improved.—A request for the 
Department to purchase sweetened condensed milk for a foreign gov- 
ernment necessitated the formulation of standards for this product. 
The standards formulated enabled the Department to purchase a high- 
quality product and showed the industry the importance of manufac- 
turing a product free from yeast, mold, and coliform organisms, there- 
by reducing spoilage and increasing the keeping quality of the product. 


F. SOME ADDITIONAL WORK NEEDED 


Additional work is needed to determine more closely the relation- 
ship of the quality of the raw material to the quality of the finished 
milk products. Additional work is needed also to determine the sig- 
nificance of many quality factors and the cause of changes in quality in 
manufactured dairy products. I 


RESEARCH, SERVICE. AND EpucATIONAL ASSISTANCE FOR Darry 
COOPERATIVES 


(FCA—a-1-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


* The purpose of this work is to improve the economic position of 
dairy farmers through efficient use of the cooperative form of organi- 
zation in the marketing of their milk and cream. Research and educa- 
tional activities are concerned primarily with the organizational and 
operational problems that are common to large groups of associations. 
Service activities involve on-the-spot investigations as a basis for pro- 
viding guidance on business-management problems to individual dairy 
cooperatives. Assistance is given to groups of farmers organizing as- 
sociations as well as to those with established cooperatives. Current 
work is particularly concerned with developing procedures that will 
increase the operating efficiency of the association. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


_ a-1-2-1—Operating practices and problems of fluid-milk bargain- 
ing cooperatives. To appraise and analyze the operating problems, 
and practices of fluid-milk bargaining cooperatives in terms of fulfill- 
ment of objectives for which the associations were organized in 
order that the cooperatives may benefit from the experiences of like 
associations, 
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a—1-2-2—-Accounting practices and record forms for cooperative 
milk-distributing associations. To determine what accounting records 
and procedures are needed both to maintain adequate controls over 
operations in milk-distributing plants and to keep managements ade- 
quately informed and to develop a system of records that will produce 
the needed information at least cost. 

a—1-2-3—F actors affecting operating efficiency of milk-distributing 
cooperatives in Southern States. To evaluate the factors affecting 
operating efficiency of milk-distributing cooperatives and to assist 
them, through case studies and through reports of interest to all such 
cooperatives, in developing policies and practices that will increase 
their efficiency. 

a~1-2-4—-Operating policies and practices of dairy-breeding cooper- 
atives. To analyze and evaluate the present operating policies and 
practices of dairy-breeding cooperatives and to develop standards of 
performance to assist such associations to increase their efficiency. 


B-2. CURRENTLY ACTIVE SERVICE PROJECTS 


Formation of a milk-bargaining cooperative to serve Albuquerque, 
N. Mex—To determine whether a bargaining cooperative is needed, 
in an economic sense, by milk producers supplying the Albuquerque, 
N. Mex., market; to assist in planning the organization if such an asso- 
ciation is needed: and to advise the management with respect to organ- 
izational and operational problems. Requested by individual milk 
producers concerned. 

Marketing manufacturing-grade milk in Georgia—To determine 
whether an association to market manufacturing-grade milk should be 
organized at Thomaston, Ga.; to assist in planning the organization 
of an association, if needed; and to assist the dairymen with the prob- 
lems common to such cooperatives. Requested by the Columbia Bank 
for Cooperatives and the Georgia Extension Service. 


B—-3. CURRENT EDUCATIONAL WORK 


Includes (@) the preparation of summaries of research projects and 
other educational articles for the News for Farmer Cooperatives, (b) 
participation in conferences called by cooperatives, extension work- 
ers, and others to discuss the organization or operation of dairy cooper- 
atives, and (c) preparation and revision of educational publications. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The first dairy cooperatives in this country were organized early 
im the nineteenth century. It was not until shortly before World 
War I, however, that the United States Department of Agriculture 
began to study and work with such associations. At first the work 
consisted mainly of an enumeration of the associations and a descrip- 
tion of their operations. Later emphasis shifted to assistance in the 
development of sound organizational structures. Recent emphasis has 
been on operational efficiency. Such emphasis is necessary if the asso- 
ciations are to survive in an increasingly competitive environment. 
Many projects, both of a research and of a service nature, have been 
undertaken. They have involved cost comparisons, improvements in 
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accounting records and practices, development of sound financial poli- 
cies, and work in other phases of business management. 


D, FUNDS--ANNUAL EXPENDITURES 


Since 1926, when the Division of Cooperative Marketing (now Co- 
operative Research and Service Division, Farm Credit Administra- 
tion) was established, annual appropriations for this work have ranged 
from approximately $15,000 to $50,000 per year. During a part of 
that period, however, similar work in poultry marketing (now under 
work project FCA-a-1-7, ch. 3) was included. The allotment for 
work under this project, including research, service, and educational 
activities, was approximately $33,000 in 1949-50. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of successful cooperatives.—Through- 
out the history of this project, the Department has been called upon to 
assist groups of farmers who wish to form cooperatives. Such assist- 
ance has involved one or all of the following: (a) An economic survey 
of the local marketing situation to determine whether there is a need 
for a cooperative and to determine the possibilities for success, (0) 
development of a general organization plan, (¢) assistance in the 
preparation of articles, bylaws, and other organization papers, and 
(d) participation in meetings held to discuss various aspects of the 
problems involved. Work of this kind frequently is conducted in co- 
operation with State college extension or research personnel. Scores 
of cooperatives have been assisted to organize on a sound basis. At 
the same time, the advice given as a result of preorganization surveys 
has discouraged the formation of numerous associations which had 
little chance for success. 

At the present time there are some 2,100 farmers’ cooperatives en- 
gaged in handling dairy products. Owner equities in these associa- 
tions in 1949 are estimated as approximately $179,000,000. 

Business management advisory service for cooperatives.—The De- 
partment has been requested to review completely or in part the organi- 
zations and operations of a very large number of cooperatives. Results 
of such studies have been made available to the directors and managers 
of the individual associations concerned. Many of the recommenda- 
tions have been acted upon by the cooperatives and have resulted in 
either more complete services to members or reduced operating costs. 

Research and educational work pertaining to business management 
problems of cooperatives.—Directly tied in with the business manage- 
ment service activities are the research and educational phases of the 
work. Numerous studies have been made of business management 
problems. Frequently the need for such research has become apparent 
as the result of service work. In other cases it has been performed at 
the request of cooperatives. In all instances research results are used 
to implement service studies in order to assist in the development of 
useful and detailed recommendations to the associations. Several 
dozen publications, in which the results of research studies were made 
available to noncooperative organizations as well as to cooperatives, 
have been issued during the course of this project. They have per- 
tained to problems related to such subjects as financing, organiza- 
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tional structures, effect of volume and other factors on operating costs, 
cooperative principles and practices, membership relations, manage- 
ment, merchandising policies, pricing policies and plans, transporta- 
tion, surplus-milk disposal, and accounting records. 

Assistance to milk-distributing cooperatives.—W ork with milk-dis- 
tributing cooperatives illustrates the kind of assistance given to par- 
ticular types of dairy associations. Publications issued in 1922 and 
1930 (Department Bulletin 1095 and Technical Bulletin 179) were 
landmarks in this research. They spelled out many of the problems 
common to such associations. Later publications were directed more 
specifically toward pricing problems, record forms, floor plans, and 
economies possible in distributing operations. A large number of 
reports dealt with the organizational and operational problems of 
individual associations. 

It is impossible to make a reasonable over-all estimate of the value 
in dollars to cooperatives of the activities under this work project. 
There is no doubt, however, that if such a figure could be determined 
it would be many times the amount expended under the project. The 
accumulation of information based on the experiences of numerous 
associations, and resulting from investigations conducted during the 
past 35 years, has provided the foundation for sound counsel and 
advice to dairy cooperatives. 


F. SOME ADDITIONAL WORK NEEDED 


Opportunities and problems in horizontal integration of farmers’ 
dairy cooperatives .—Some small dairy cooperatives have allied them- 
selves in sales federations for the purpose of merchandising their 
finished products. Other small associations have merged completely 
in order to have resulting business units that are large enough to 
produce dairy products efficiently. However, there are opportunities 
in numerous areas for small associations to join together in certain 
functions related to production and to do so without losing their 
individual identities. By cooperating among themselves, the associa- 
tions can improve the quality of raw and finished products, develop 

adequate records, cut costs through cost comparisons, reduce the cost 

of supplies through discounts on quantity purchases, and in various 
other ways increase their chances for business success. A research 
project is needed to determine the opportunities and problems that 
exist, and to develop procedures for obtaining maximum benefits. 
Later, the results can be used to great advantage i in service work with 
individual associations. 

Organizational and operational problems of large, diversified dairy 
processing cooperatives.—The diversified manufacturing plants have 
become an important factor in production of dairy products. Most of 
them are farmer owned and operated. They can change from pro- 
duction of one dairy product, or group of products, to that of another 
with little inconvenience. During periods of fluctuating prices they 
can shift production in response to changes in the price g enchirs 
of the various products. However, prices recently have tended to 
stabilize near the support levels set by the Government. The problems 
of diversified cooperatives have become acute and assistance is needed. 

Merchandising policies of sales cooperatives.—Cooperatives have 
never handled a major proportion of the dairy products produced in 
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this country. However, they have established sales federations that 
have made important contributions in terms of product quality im- 
provement, accurate payments to local manufacturing cooperatives, 
and more dependable markets. Now the sales cooperatives must meet 
the peempetititn of giant noncooperative organizations that have 
branched out to become food distributors rather than just dairy sales 
agencies. Sales cooperatives need to know how to meet the changing 
conditions. 

Operating costs of milk-distributing cooperatives.—The costs of 
milk-distributing cooperatives are determined by a large number of 
factors. Present cost surveys and comparisons are of only limited 
value because they do not report on the cost- determining factors in 
sufficient detail. An average cost per quart or per hundredweight of 
milk is far better than no “figure at all but its usefulness generally 
is limited. Research is needed to arrive at current cost figures fora 
sufficient number of associations, operating under closely observed 
conditions, to permit sound evaluation of the operations of particular 
associations. Such information would assist greatly in determining 
the changes in operations needed to reduce costs. 


A Sruby OF THE ErrecTivENEss OF Propucers’ Cooperatives IN Repuc- 
ING Costs or ASSEMBLING Mirk From Farms 


(FCA—RM: ec—555—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


It is the purpose of this project to analyze the methods of organiz- 
ing, controlling, and operating commerci: al farm-to-plant milk-haul- 
ing routes, particularly those operated by cooperatives. In order to 
scans this purpose, study is being made of the equitability of haul- 
ing charges, necessary records, and methods by which the efficiency 


of “indiv idual routes and route systems can be increased. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c—555-1—A study of the effectiveness of producers’ coopera- 
tives in reducing costs of assembling milk from farms. To appraise 
the effect of various methods of organization, control, and operation 
of commercial farm-to-plant milk-hauling routes, as practiced by 
selected cooperatives, on the efficiency of procurement. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Cooperative Research and Service Division of the Farm Credit 
Administration has devoted considerable time to investigations of 
hauling since the agency was first organized. The following publica- 
tions deal with transport tation of milk and arr angement of milk routes: 
FCA Bulletin 13 (1937); FCA Miscellaneous Reports 2 (1935), 52 

(1942), and 53 (1942) ); cad FCA Special Report 100 (1942). Cur- 
rent work was recommended by the Dairy Advisory Committee and 
will supplement, but not duplicate, the previous work conducted under 
other work projects. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


This work project was initiated in 1949 and during 1949-50 ex- 
penditures totaled approximately $6,500. The work performed in- 
cluded the organization of the study and a major part of the investiga- 
tions in the field. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


During the 1 year that this project has been conducted, most of 
the field work has been completed. The data obtained indicate sig- 
nificant differences in procurement costs, both between organizations 
and between individual routes. The extent to which such differences 
may reflect varying methods of organization and control remains to 
be determined by further analysis. The information thus far assem- 
bled indicates that it will be possible to publish recommendations for 
improvements in present practices that will result in increased ef- 
ficiency in hauling. 


F. SOME ADDITIONAL WORK NEEDED 


Analysis of farm-to-plant hauling of milk in tank trucks.—Current 
work under this project is limited to a study of farm-to-plant trans- 
portation of milk in 10-gallon cans. This is, of course, the method 
now common in the industry. It is expected that the major part of 
this phase of the work will be completed in 1951. Emphasis then will 
shift to a study of the use of tank trucks to pick up milk from farms. 
Many cooperatives, and noncooperative organizations as well, know 


little about the costs involved and the volumes of milk required for 
successful use of this method. Accurate, detailed cost and time records 
are needed to obtain such information. Perhaps the most inexpensive 
way to achieve wide coverage, accuracy, and comparability of data 
will be to make contractual arrangements for the records with hauling 
firms. 


APPRAISING THE EFFECTIVENESS AND RELATIVE Cost or BUTTERFAT 
SAMPLING AND TrEstinGc Programs or Datry COOPERATIVES 


(FCA—RM : a-612—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to appraise the accuracy of different 
methods of sampling and testing milk for butterfat content; to com- 
pare the relative cost of different methods; and to draw general con- 
clusions as to the most accurate and economical methods which co- 
operatives should adopt. 


B. CURRENTLY ACTIVE LINE PROJECTS 


None. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although the Farm Credit Administration has issued several re- 
search and educational publications that give information on the but- 
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terfat sampling and testing programs of dairy cooperatives, it has 
never appraised their effectiveness nor determined the costs involved. 
The present study was developed at the request of several members of 
the Dairy Advisory Committee. 


D. FUNDS——-AN NUAL EXPENDITURES 


This project did not become effective until July 1, 1950; therefore 
there have thus far been no expenditures of the funds allotted. It is 
expected that about $17,000 will be expended in fiscal 1951. Approxi- 
mately half of that amount will be used to reimburse one or more co- 


operatives participating in the study under contractual arrangements 
with FCA. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


As noted above, this project did not become effective until July 1, 
1950, the date for which this report is prepared. Thus it has not yet 
been possible to accomplish research results. 


F. SOME ADDITIONAL WORK NEEDED 


Although considerable research is needed with respect to improve- 
ments in butterfat sampling techniques and equipment, and the storage 
and analysis of samples, it is not anticiptaed that this agency will 
conduct such research. Instead, it is proposed that work of that nature 
be conducted by other agencies more directly concerned with the tech- 
nical aspects of dairy plant operation. The work of FCA in butterfat 
sampling and testing will be confined to achievement of the objectives 
of this work project. 


Price. SUPPLY, ANp Consumption ANALYsIS FoR Farm Propuctrs 
( Dairy Propwcts) 


(BAE—A-2-7—Federal-Regular Funds: BAE—RM: c-33—Federal-State-RMA 
Funds) 


(The discussion of line products and expenditures on project RM: c-33 in this 
and other commodity chapters covers only work done by BAE. A general sum- 
mary statement for this project, in chapter 27, Prices and Income, summarizes 
not only the research and expenditures of BAE but also shows expenditures of 
OES and lists OES line projects carried out through State and Territorial 
experiment stations. ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Appraise the current and prospective economic position of 
the various dairy products including fluid milk and cream and the 
several manufactured dairy products; (2) determine the influence 
of market prices and other relevant factors upon the production and 
supply of milk and milk products; (3) measure the effects of changes 
in relative product prices on the channeling of whole milk into the 
different outlets; (4) determine the effects of prices, income, and other 
relevant factors on the consumption of fluid milk and other dairy 
products; and (5) make the results of such analyses and appraisals 
available through regular publications and on special request to farm- 
ers, Government agencies, and the general public. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


_ 


A-2-7-3—Analysis of current situation and outlook for dairy 
products. To: (1) Appraise the current and prospective economic 
position of the various dairy products, including fluid milk and cream 
and several manufactured dairy products; (2) carry on the statistical 
and analytical work necessary thereto, and (3) make the results avail- 
able to farmers, Government agencies, and the general public through 
regular publications and on special request. The Dairy Situation is 
prepared and issued under this line project. 

A-2-7-14—Special Statistical Report: Dairy. To prepare a com- 
prehensive handbook of dairy statistics including a discussion of 
primary sources; methods of estimating and interr ‘elationships among 
the series, as well as a critique as to accuracy and completeness of the 
data. 

RM: c-33.17—Analysis of factors affecting production and utiliza- 
tion of milk and dairy products. To determine quantitatively the 
effects of market prices, administered price policies, consumer in- 
comes, and other relevant factors upon consumption, production, and 
marketing of milk and manufactured dairy products, and upon farm- 
ers’ cash receipts from the sale of milk and milk products; and to im- 
prove statistical series relating to these commodities. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27, Prices and Income.) Work of this 
type on dairy products was initiated in the 1920's. The Dairy Situa- 
tion has been published periodically since 1931. The work under this 
RMA line project will contribute to an understanding and solution 
of a number of problems which the Dairy Advisory Committee has 
recommended be thoroughly analyzed. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Regular budget expenditures for work on dairy products during the 
fiscal year 1950 amounted to $20,200: expenditures from RMA funds 
amounted to $11,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A major contribution in the field of dairy statistics with regular 
funds was Technical Bulletin 722, Production and Consumption of 
Dairy Products (1940). A report, Changes in the Dairy Industry, 
United States, 1920-50, was prepared by the Bureau with the assist- 
ance of other United States Department of Agriculture agencies at 
the request of the Subcommittee on Utilization of Farm Crops of the 
Senate Committee of Agriculture and Forestry, submitted July 1, 
1950, 

Under the RMA project on dairy products, analyses have been made 
on farmers’ response to prices and to the relevant factors in the pro- 
duction of milk using annual data for a number of States and regions. 
Results from these preliminary analyses indicate more detailed work 
for selected areas should provide a greatly improved basis for under- 
standing changes in future supplies of milk. On the utilization side, 
preliminary analyses demonstrate the importance of relative prices in 
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channeling milk and the alternative processing outlets. The ability 
to measure the effects of prices on utilization will be useful in price- 
support activities and will provide a better understanding of the 
relationship between fluid milk and manufactured dairy products. 
Some of the statistical work under this project was reported in the 
Dairy Situation for June 1950 under the title, “Trends in Utilization 
of Milk and in the Consumption of Margarine in the United States.” 


F, SOME ADDITIONAL WORK NEEDED 


In the field of dairy products, the areas for which further research 
is needed include the following: Evaluation and extension of con- 
version factors to obtain milk equivalents of manufactured dairy 
products on a monthly basis; the influence of price-support activ ities 
and pricing under Federal orders on guiding resources into the dairy 

segment of the economy and their effects on the level of milk sup- 
plies; the demand for other food products as it affects the demand 
structure for dairy products; long-time changes in the demand struc- 
ture of dairy products as they affect the price ‘of dairy production and 
the utilization of milk by the various outlets; interproduct and inter- 
regional price relationships over time and their effects on the present 
and future economic relationships between surplus and deficit milk- 
producing areas. 


INTERREGIONAL COMPETITION IN AGRICULTURE ( Datry) 
(BAE—SRF—2-115) 


(Related work in this project is discussed in Chapter 3, Poultry and Eggs, and 
in Chapter 24, Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure interregional and interarea competition in milk pro- 
duction between selected areas in New England and the Lake States. 


B. CURRENTLY ACTIVE LINE PROJECTS 
SRF—2-115—Interregional competition in dairying. 
©. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24, Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See Chapter 24, Economics of Production.) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of budgetary and other methods of, protec ting prob- 


able production trends in selected areas under specified conditions.— 

Applied to milk production, estimates of probable production made 
for 10 areas in the Lake States and New England, in the late 1930's, 
proved to be generally in line with actual dev elopments during the 
following decade. Combined supply estimates prepared for the areas 
in each region indicated that milk production would expand about 26 
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percent in the Lake States and 23 percent in New England from 1936 
to 1946, under the price relationships then prevailing. Actual in- 
creases were about 29 percent and 13 percent, respectively. 


F. SOME ADDITIONAL RESEARCH NEEDED 
(See Chapter 24, Economics of Production. ) 
CHANGEs IN Markets ror Darry Propucts 


(PMA—RM: c-114—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To secure information concerning the consumption of dairy prod- 
ucts for the purpose of analyzing consumption trends, appraising 
possibilities of expanding sales and analyzing factors which have 
tended to expand or restrict sales. Such information should assist 
the industry in the development of programs for expanding the sales 
of dairy products. Current work is the assembling of information 
on sales of milk, cream, skim milk, and flavored milk drinks in city 
markets in which there are Federal milk marketing orders. Such 
consumption information must be filed by handlers under Federal 
orders in connection with the administration of the order program. 
This type of information on fluid milk consumption has not hereto- 
fore been compiled. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-114-1—Changes in sales of milk, cream, skim milk, and 
flavored milk drinks in markets under Federal milk marketing orders. 
To assemble and analyze information on sales of milk, cream, skim 
milk, and flavored milk drinks in markets under Federal orders for 
the purpose of evaluating the possibility of expanding sales. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Despite the increasing importance of the fluid milk industry, little 
information regarding the per capita consumption of fluid milk, fluid 
cream, and fluid milk drinks is available either on a market-wide, 
State-wide, or region-wide basis. RMA funds were made available to 
the Bureau of Agricultural Economies in 1948 to enable it to obtain 
information on the consumption of fluid milk by local marketing and 
consuming areas. Since 1948, BAE has undertaken to measure per 
capita consumption of fluid milk and cream by principal cities, States, 
and villages, and also to develop an index of current trends in the con- 
sumption of fluid milk and cream by regions. BAK has recently pub- 
lished the results of a study of per capita consumption of milk in cer- 
tain markets in the Northeast. 

It became apparent that valuable information concerning the con 
sumption of fluid milk and cream could be assembled from informa- 
tion reported regularly by milk distributors to the various Federal! 
milk market administrators. Since 1948, the Dairy Branch has as- 
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sembled, on a monthly basis, information on sales of milk, cream, and 
skim milk drinks in Federal order markets. Such information is 
turned over to the Bureau of Agricultural Economics and is published 
monthly by it. The information is distributed widely among mem- 
bers of the dairy industry, producer organizations, State and Federal 
regulatory agencies, and research workers. 


D. FUNDS--ANNUAL EXPENDITURE 


Expenditures for this work have been as follows: 1948, $9,000; 
1949, $14,100; 1950, $10,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Summaries of findings relative to changes in consumption of dairy 
products have been made available to the dairy industry, to research 
workers, and to those concerned with the regulation of milk marketing. 
Frequent reference to the findings of these consumption studies is 
seen in dairy industry publications and dairy advertising. The fact 
that the studies have dheien a decline in per capita consumption of 
fluid milk since 1945 (although on a total volume basis, sales have 
increased) has constantly been pointed to by leaders of the dairy 
industry as reason for increasing the industry’s sales promotion pro- 
gram. Summary tables covering the period from January 1947 
through March 1949 were published in the Dairy Situation (published 
by BAE). Further information concerning consumption of fluid 
milk and cream is released each month and published by BAE in the 
Fluid Milk and Cream Report. It is significant that since the inclu- 
sion of milk consumption information in the Fluid Milk and Cream 
Report over 700 new requests for this monthly publication have been 
received from the dairy industry, economists, extension workers, and 
others. 

New type of fluid milk sales data available—Prior to the time this 
work was done, the dairy industry had no information available as to 
fluid milk sales broken down as between whole milk, cream, and milk 
drinks. Previously fluid milk consumption data were based on infor- 
mation as to class I sales—in some markets class I included cream 
aud flavored milk drinks; in others it did not. 


F. SOME ADDITIONAL WORK NEEDED 


Accurate information on consumption of dairy products in non- 
Federal order markets is needed. BAE is working on this problem 
now. In order to develop per capita consumption data, accurate 
population information is needed for various milk marketing areas. 
Because a given city’s milk marketing area usually does not correspond 
with the area covered by the census, Census Bureau information can- 
not be used without considerable analysis and adjustment. Further 
information is also needed concerning “in market sales” and “out of 
market sales” in certain fluid milk markets. Such information is 
necessary in order that population estimates for a given area may be 
related directly to sales information for exactly the same area. 
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Market OrGANIZATION AND Price Srrucrure ror Darry Propvcrs 
(PMA-OES—RM : c460—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this study is to improve efficiency and effect econ- 
omies in milk marketing; to improve milk pricing methods in order to 
bring larger returns to the farmer for his product; and to stimulate 
interest in orderly marketing in the dairy industry. Current work 
on the project is designed to analyze the present milk marketing 
structure and to appraise recent developments in the field of milk 
marketing as they affect producers, handlers, processors, and con- 
sumers. 

During recent years there have been many changes in the field of 
milk marketing. Strict sanitary regulations have been enacted with 
respect to milk sold for consumption as fluid milk. State and Federal 
agencies have assumed an important role in regulating the marketing 
of milk. Changes have taken place in the demand for various dairy 
products. Less milk is utilized in butter, more in other dairy prod- 
ucts. These changes indicate that there is a need for a better under- 
standing of the present organization and price structure of the dairy 
industry. 

Thirty-seven markets are now regulated by the Federal Govern- 
ment. The program is an expanding one, with more and more mar- 
kets requesting Federal peter The transition toward govern- 
mental regulation of fluid milk markets has progressed far enough in 
certain markets to provide an excellent basis for appraising the effects 
of such regulatory programs. 

Several markets under Federal regulation have been selected for 
study. They were selected on the basis of the existence of peculiar 
problems in the market. For instance, St. Louis was selected because 
that market had been faced with serious milk shortages. Philadel- 
phia was selected because the market had a milkshed which appeared 
very uneconomical; Philadelphia distributors were obtaining milk 
supplies from distant sources at the same time that adequate supplies 
of milk were available within short distances of that city. Chicago 
and Minneapolis-St. Paul were selected because they were located in 
the heart of the surplus milk-producing area. 

The studies include an analysis of the problems and conditions 
which led to Federal regulation. Regulatory programs are described 
and an appraisal made of the efficacy of the regulations in solving 
these problems. Price policies are being examined and the effects of 
regulation upon consumption and production are being analyzed. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c460-+4—Methods of improving supply and marketing condi- 
tions in fluid milk markets with special reference to Philadelphia. 
To develop information regarding potential and actual sources of 
fluid milk for Philadelphia and to devise and evaluate techniques 
whereby Philadelphia or any market faced with an insufficient supply 


of milk from its normal milkshed can determine its most economical 
supply area. (The results of this study have been published.) 
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RM: c-460-7—History and analysis of Federal milk marketing 
orders. To analyze Federal regulation of milk markets and to deter- 
mine the effect of regulation on prices, market structure, and other 
factors. To analyze the manner and the effectiveness with which 
Federal orders have dealt with particular milk marketing problems. 
Seven separate studies have been undertaken. Two have been com- 
pleted and are ready for publication. 

RM: c-460-8—Organization of the dairy industry in Iowa. This 
line project is being carried on by the Iowa State College Agricultural 
Experiment Station. Its purpose is to study the organization of the 
dairy industry of Iowa, with a view to finding ways of reducing the 
costs of assembling, processing, and distributing dairy products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


A great deal of valuable information with respect to fluid milk 
marketing problems and their solution has been accumulated in local 
offices of milk market administrators during the administration of the 
Federal milk marketing program. Prior to this study, no attempt 
had been made to assemble and organize this wealth of information. 
The work on the project has been concerned with gathering informa- 
tion pertaining to subjects such as pooling systems, the classified price 
plan, location differentials and butterfat differentials, seasonality of 
production, the pricing of surplus milk, effects of sanitary regulations 
upon market supply. Already completed are studies dealing with 
the pricing of surplus milk in the Chicago market, and a study en- 
titled “The Philadelphia Milk Supply.” Studies on the St. Louis 
market and the Duluth-Superior milk market have been completed 
and are ready for publication. Studies on Sioux City, Iowa; Clinton, 
Iowa; Minneapolis-St. Paul, Chicago, Louisville, and Kansas City 
are in the final stages of preparation. 


D. FUNDS—-AN NUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 


PMA OES 





Fiscal year 1948...............-. - = i $29, 600 0 
ree eit seomeaeel 68, 200 | 0 | 
lL) EER eee ee | 65, 000 $6, 000 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pricing formula developed.—The study of pricing surplus milk in 
the Chicago market developed certain measures and guides to be used 
in establishing the price for surplus milk in order to maintain orderly 
flow of milk into the market. The problem of pricing surplus milk is 
one of the most difficult and controversial in the field of milk market- 
ing and one upon which little comprehensive work has been done. The 
study dealt particularly with the development of a butter-powder 
formula for pricing surplus milk, and developed information as to: 
(1) prices received by dairy manufacturing plants for butter and for 

78552—51—vol. 123 
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nonfat dry milk solids, (2) amounts of butter and nonfat powder 
which are obtained from 100 pounds of whole milk, (3) cost of proc- 
essing 100 pounds of milk into butter and nonfat powder. These 
findings provided the basis for more equitable determination of price 
levels. A method was also developed for changing the manufacturing 
allowance in the formula in accordance with changes in the costs of 
creamery labor and bituminous coal. The butter-powder formula 
developed i in this study has been used as the basis for revising formulas 
on pricing surplus milk in Chicago and in several other Federal mar- 
kets. The study has been used ‘at a number of public hearings by 
producer cooperatives and handlers in presenting testimony concern- 
ing the price for surplus milk in Federal order markets. 

Factors which afte ct supply area analyzed.—As a result of the 
analysis which was made in the Philadelphia milk supply study, in 
which nearby sources of milk were pointed out, several Philadelphia 
milk dealers have changed from more distant to nearby sources of 
milk. The study analyzed the unusual milk supply situation in the 
Philadelphia market, and provided useful information as to: (1) 
why milk distributors may by-pass nearby supplies of milk and instead 
obtain milk from distant sources, (2) the effects of sanitary regula- 
tions upon market structure, and (3) factors which affect the size of 
the supply area from which a market draws milk. The findings of 
this study are applicable to other markets as well as Philadelphia and 

should assist cooperative leaders, milk distributors, and regulatory 
agencies in the dealing with milk supply problems. 

Effects of Federal regulation upon a market described.—The St. 
Louis market study provides a description of the unstable and quite 
frequently chaotic conditions which existed in this market prior to the 
formation of a strong producer cooperative and the advent of Federal! 
regulation. It is a case history of a market that has continually been 
faced during the last 12 years with milk shortage. The study analyze: 
the factors that have created the shortage. It provides a critical 
analysis of Federal regulation as well as a detailed explanation of 
how Federal regulation operates. 


F, SOME ADDITIONAL WORK NEEDED 


Thus far most of the work on this project has been concerned with 
fluid milk markets. Similar work would be desirable on the organi- 
zation and price structure of markets for manufactured dairy product ts. 


FUNcTIONS OF COOPERATIVES IN THE DEVELOPMENT OF FLump MILK 
Prictnc PLAns AND Mernops or Use CLasstiricaTIon 


(FCA—RM: ¢ 175—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


It is the purpose of this project to appraise the role of producers 
cooperatives as it relates to the structure of fluid-milk markets and, 
through studies of pricing and milk classification plans, develop prin- 
ciples. which can serve as guides to improvement of the marketing 
structure. The current work is particularly concerned with the role 
of cooperatives in markets operating under Federal milk marketing 
orders and with pricing plans designed to accomplish a seasonally 
more uniform pattern of delivery of milk to fluid-milk markets. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM:¢ 175-1. Role of milk producers’ cooperatives under the Agri- 
cultural Marketing Agreement Act. To study the role of cooperatives 
in the markets operating under Federal order regulation, to appraise 
the functions assigned to the cooperatives, to evaluate the standards 
of performance w rhich the cooperatives must meet, and to evaluate 
the rates of compensation allowed for various services performed by 
coopel ratives, 

RM: c-175-2. Economic analysis of the effect of the base-surplus 
plan in the Detroit, Mich., milkshed. To determine the economic 
characteristics of the Detroit milkshed as related to the base-surplus 
pricing plan, to evaluate the plan in terms of its effect on production 
in the market area, and to investigate the relative merits of enlarging 


the milkshed as compared to leveling-out production in the existing 
area. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was recommended by the Dairy Advisory Committe: 
and work was initiated in December 1947. At first, the project was 
concerned principally with a general appraisal of the - hniques and 
objectives of pricing fluid milk sccordiiie to previously determined 
formulas. Later, attention was given to the ef te et of various pricing 
plans on the seasonality of milk deliveries to selected markets. <A 
basic study was initiated to determine the role of producers’ coopera- 
tives in the markets regulated by Federal orders. 


D. FUNDS--ANNUAL EXPENDITURES 


During 1947-48, the fiscal year in which the project was initiated, 
expenditures totaled approximately $8,750. A part of the work in 
fiscal year 1948 was conducted under contract. In 1948-49, as the 
work was expanded, the expenditures increased to $11,250. Last year. 
1949-50, the cost of the project was slightly over $10,000. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Formula pricing of milk for fluid use—The pricing of milk for 
fluid use is one of the most complicated marketing problems with 
which farmers have to contend. Because of the physical character- 
isties of milk, and its production and consumption patterns, pricing 
is largely a matter for each local market. Formula pricing is a tech- 
nique devised to reduce undesirable price fluctuations and uncertainty 
in such markets. The formulas reflect changes in price indicators 
such as wholesale prices of certain manufactured dairy products or 
factors measuring general business activity and consumer buying 
power. A naiedsts 1as been issued (FCA Miscellaneous Rept. No. 127) 
that reviews this country’s experiences with formula pricing and eval- 
ates the general plan in terms of its limitations and uses. 

Analyses of seasonal pricing plans in selected mil markets.—The 
greater seasonal variation of fluid-milk production, as compared with 
its consumption, gives rise to serious marketing problems. Several 
studies of selected plans and markets have been conducted under this 
work project. Two publications have been issued that present analy- 
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ses of the plans used in the Madison, Wis., and vars, Tenn., 
markets. Although the two plans differ considerably, each appears to 
have been at least partially effective. A study of a third plan, that 
used in the Detroit, Mich., milk market, is being conducted with Michi- 
gan State College. 

Role of milk producers’ cooperatives under the Agricultural Mar- 
keting Agreement Act.—This study has involved an appraisal of the 
role and functions of cooperatives operating in markets under Fed- 
eral order regulation. The part played by Government in fluid-milk 
pricing has expanded tremendously since its origin a decade and a half 
ago. Cooperatives need to know how they may best fit into the eee 
gram. An important consideration is the position of nonmembers 
relative to cooperatives under Federal orders. It appears that co- 
operative payments may be necessary under certain conditions in 
order to equalize marketing burdens among producers. Results of 
the study have been put into manuscript form and soon will be sub- 
mitted for publication. 


F. SOME ADDITIONAL WORK NEEDED 


Analyses of seasonal pricing plans in selected milk products.—The 
studies of the seasonal pricing plans used in the Madison, Wis., and 
Memphis, Tenn., markets have aroused considerable interest among 
those concerned with the Nation’s fluid-milk markets. Further studies 
of various seasonal pricing plans in selected markets are necessary. 
It is not now poosibile to recommend without hesitation a particular 


plan for any specific market. While it is not likely that any one plan 


can be developed to meet all marketing situations, it should be possible 
to eliminate many unnecessary variations that now exist. 

Evaluation of governmental procedures in fluid-milk markets that 
may be used in place of market orders.—It may not be necessary for 
every milk bargaining cooperative that is unable alone to solve its 
marketing problems to seek Federal market orders. The Agricultural 
Marketing Agreement Act provides, as alternatives, that such asso- 
ciations of producers may obtain governmental assistance through 
mediation and arbitration proceedings. Thus far cooperatives have 
not used these alternative procedures. A study is needed to evaluate 
the alternatives in terms of their implications for cooperative organi- 
zations and their probable effectiveness in assisting the cooperatives 
to obtain the objectives desired. 

Evaluation of use-classification pricing plans in fluid-milk mar- 
kets.—The use-classification or classified-price plan for paying pro- 
ducers for milk has been adopted in many fluid-milk markets. Under 
this plan, producers are paid different prices for milk produced under 
uniform sanitary requirements, depending upon the use made of the 
milk. A study is needed to determine the underlying principles on 
which such a plan is based, and to prepare a guide to producers’ 
cooperatives that contemplate either adoption of the basic plan or 
revision of the plan they now use. 
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MEASUREMENT OF Costs AND MaArRcINs In MARKETING Farm Propucts— 


(Datry) 
(BAE-OES—RM : c-163—Federal-State—RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 























i To (1) measure costs and margins in marketing dairy products and 
to analyze factors affecting margins, and (2) provide the basis for 
suggesting ways and means of bringing about more efficient and or- 
derly marketing, and reducing the price spread between the producer 
and the consumer. 





B, CURRENTLY ACTIVE LINE PROJECTS 
RM : c-163-22—Determination and analysis of price spreads for 
fluid milk and fluid-milk products. A. A study of costs and margins 
of milk distributors in Memphis, Tenn., during 1948. Costs and 
margins of milk distributors in Portland, Oreg., 1949. B. A study of 
intermarket shipments of milk and the impact of transportation 
charges on producer prices and prices charged consumers. C. A pro- 
gram for calculating price spreads from regularly published data to 
ascertain broad relationships between prices and such factors as geo- 
graphical location, size of city, type of market regulation, and D. A 
study of the effects of State government controls on marketing costs 
and price spreads. 
: RM : c-163-25—Costs and margins in marketing American cheese. 
- Computation of margins from original data on prices for milk paid by 
; cheese processors and margins of handlers at each level and trade 
s channel between the farm and consumer. Basic data are being as- 
sembled relating to cost of manufacturing Cheddar-type American 
cheese. 


C. HISTORY AND EVOLUTION OF THIS WORK 















The RMA dairy costs-and-margins work was begun in January 
1949, at which time the Bureau and the Tennessee Agricultural Ex- 
periment Station began a study of margins and costs taken by fresh- 
milk distributors in the Memphis, Tenn., market. Special considera- 
tion was given to procurement costs, intermarket shipments, trans- 
portation charges, and sanitary inspection requirements as factors 

influencing the volume and costs of milk to distributors in the Memphis 

» area. The results of this joint study by the Tennessee Agricultural 

| Experiment Station and the Bureau of Agricultural Economics were 

published in a report, Costs and Margins of Milk Distributors in 

Memphis, Tenn., in 1948. 

The Bureau undertook a study of the distribution of milk in the 

Portland market in July 1950. This work is being carried on in 

cooperation with the Oregon Agricultural Experiment Station. Spe- 
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cial attention will be given to a determination of margins on various 
types of milk and milk products, delivery charges, and specifie costs 
incurred by distributors in performing their distributive function. 

Preliminary work is under way on margins in marketing American 
Cheddar cheese and products derived therefrom. 


D. FUNDS—ANNUAL EXPENDITURES 


BAE expenditures of RMA funds for 1949, $10,700; 1950, $22,200. 


am 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The importance of volume as a factor in the unit cost of distributin, 
milk and milk products was disclosed by the margins-and- costs study 
in the Memphis market. It established further. the significance of 
price leadership in a milk market such as Memphis, in which case the 
price of milk to consumers was kept relatively low as a result of the 
pricing policies of the major distributing firm in the area. The pre- 

vailing retail price structure for milk in Memphis appeared to be a 
natural outgrowth of a condition in which the market had considerable 
excess distribution capacity, and the low-cost distributing firm chose 
to maintain prices at a level in line with its cost, thereby forcing other 
firms to do likewise in order to compete for the market. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of margins taken and costs incurred by milk distributors in 
anumber of milk markets in the United States —Meaningful margins- 
and-costs data would be extremely helpful to agencies engaged i in regu- 


latory activities relating to the marketing of fresh milk. The lack of 
uniformity in quality and in butterfat content among markets from 
which prices are currently reported leads to confusion and erroneous 
comparisons of prevailing price structures. 


Costs AND Marotns In Marketine Darry Propwcts 


(PMA—RM: c-384—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The need for more detailed data on margins involved in the dis- 
tribution of various fluid-milk products, particularly in connection 
with the administration of the Federal order program, gave rise to 
this pilot study. One phase of the project will involve a study of the 
effect upon margins of varying marketing practices. Margin studies 
being presently ‘conducted ‘by the Bureau of Agricultural Economies 
are broader and include an analysis of milk distribution costs in se\ 
eral markets. 

Detailed information as to marketing margins is of value to thie 
producer, the consumer, and the handler alike. The purpose of this 
study, which is a pilot study, is to obtain more detailed informatio: 
on margins of distribution in dairy marketing than has been obtaine: 
heretofore. The current work is limited to an intensive and detailed 
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study and analysis of margins of a few handlers in one market in 
which there is a Federal order. The fact that there is a Federal order 
in the market makes it possible to obtain more precise information on 
margins than is available in most nonorder markets. Considerable 
study is being given to the effect upon cost of milk to the handler of 
various methods of accounting for milk and butterfat under pooling 
operations as required by the orders. The rest of the work in progress 
pertains to developing methods for determining on a fair and sound 
basis the gross margins received by handlers on various fluid milk 
products, based on detailed sales data and price data which have been 
collected in a Federal order market. Price data and discount infor- 
mation were collected for a sample of handlers in the market for appli- 
cation in arriving at margins representative of the market. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-384-2—A study of margins in the Duluth-Superior milk mar- 
keting area. <A pilot study to obtain detailed information concerning 
the margins involved in the distribution of fluid milk in the Duluth- 
Superior milk market. Particularly, to determine whether or not it 
is possible to obtain the detail necessary to calculate margins in- 
volved in the distribution of specific fluid-milk products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Numerous studies of costs and margins in the distribution of dairy 
products have been made over a period of years. Much of the work 
done has expressed margins in terms of average margins involved in 
the distribution of fluid-milk products or has been based upon limited 
information for only one type or grade of milk. Furthermore, infor- 
mation as to cost of milk to handlers in unregulated markets cannot 
always be determined in a uniform manner, resulting in a lack of 
comparability among markets studied. Generally, margin studies 
have not attempted to determine marketing margins for individual 
fluid-milk products (i. e., homogenized milk, vitamin D milk, standard 
milk, ete.). 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures for the work have been as follows: 1949, 
$1,100; 1950, $9,800. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The work so far has served to emphasize the extreme complexity of 
ae fluid-milk marketing margins and has pointed to the in- 


adequacy of some of the fluid-milk margin analysis that has been done 
heretofore. Work done in analyzing the cost to handlers of milk in 
the several “use classes” has laid the basis for a better understanding 
of the effects upon handlers’ margins of various types of pooling 
operations and butterfat-skim milk accounting methods. Advance- 
ment of such knowledge is of basic importance to all groups faced 
with the problems involved in establishing pricing plans. 
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F. SOME ADDITIONAL WORK NEEDED 


Determination of margins in other Federal order markets by the 
method used in the pilot study would afford more comparable margin 
data than have heretofore been available. Work is needed on the 
effect of certain market practices upon margins, particularly to indi- 
cate factors that make for wide margins and factors that make for 
narrow margins. Additional work is needed to enable milk distribu- 
tors to determine whether or not they are operating as efficiently as is 
practicable. Further study is needed of margins involved in the dis- 
tribution of specific fluid-milk products. Such information would be 
particularly useful if it should become necessary to reinstate price 
controls on fluid-milk products. It is needed also by agencies con- 
cerned with the establishment of minimum resale prices for milk. 


SEASONAL M1i_k ProspieMs: Costs oF Processtne, DIsTRIBUTING, AND 
OpTAINING SUPPLEMENTAL SUPPLIES 


(BAE—RM : b-139—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) analyze the possibilities and costs of increasing np of 
milk in the months of low production within present sources of supply, 


and (2) appraise the economic aspects of obtaining supplemental! 
supplies of milk from areas outside the present milkshed. Such in- 
formation is needed in order to lessen seasonal shortages of milk 
supplies and to determine the effects on precnaen and others of 


programs to change the seasonality of milk production. 


B. CURRENTLY ACTIVE WORK 


The only phase presently active is being handled in the office of the 
Boston administrator on a cooperative basis. It deals with an analysis 
of milk-production response, seasonally and annually, to price changes 
and other influences. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Seasonal milk problems make up a rather specialized phase in thie 
general field of the economics of dairy farming, the history and evolu- 
tion of which are covered in the statement Economics of Farm Mech- 
anization and Other Improved Techniques (Dairy)—RM: b-62. This 
is the first project dealing specifically with economic problems of 
seasonality of milk production, but seasonal aspects have received 
some consideration in previous general economic studies of dairying. 
Recent shortages of fluid milk in the short season in northeastern 
markets have reemphasized the problem and led to the development of 
this special study in the Boston milkshed area in cooperation with 
State experiment stations and the office of the Boston milk market 
administrator. 
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D. FUNDS—ANNUAL EXPENDITURES 









Active work on this project began in the middle of the 1948 fiscal 
» year. About $6,000 of RMA funds was used that year, about $16,000 
> in 1949, and $9,900 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 




























Establishment of the pattern of seasonality of milk production on 
individual farms over a period of years.—It was found that some 
farms are fairly consistent year after year in seasonal pattern but 
others vary sharply from year to year. The extent of this variation 
in the Boston milkshed and the reasons for it were analyzed. 

Ascertaining the producer’s opportunities in changing seasonality.— 

The producer’s opportunities in shifting his seasonal pattern mainly 
center around changes in freshening dates and in feeding. Analysis 
indicates that freshening i is less important and feeding more impor- 
tant than usually considered. In fact, for the Boston milkshed, 
producers as a group have already adjusted their freshening patterns 
fairly well from the standpoint of obtaining maximum profits under 

the present price pattern. If further over-all shifts in freshening 
were to be profitable, it would be necessary to make some rather 

> drastic changes in the current seasonal price incentives, both in scale 
» and in timing. Some individual farmers can still increase their in- 
comes by shifts in freshening but, by and large, the greatest opportuni- 
ties are ‘to be found in improved practices of feeding both forage and 
grain. But a period of several years would be required for such 
practices to be adopted widely enough to affect production signifi- 
cantly in the milkshed. 

Appraisal of marketing costs in relation to seasonality of produc- 
tion.—In the Boston milkshed any further reduction in the seasonal- 
ity of milk production is not likely to reduce materially the cost of 
assembling, receiving, and transporting fluid milk. In the near future, 
> at least, consumers’ interests apparently are better served by the cur- 
} rent seasonal production than by a more uniform pattern. A sub- 
| stantial reduction in seasonality, if achieved primarily by shifts in 
| freshening dates, would tend to raise production costs without lower- 

ing distribution costs and thereby would tend to raise prices to 
consumers. 





















F. SOME ADDITIONAL WORK NEEDED 


Similar studies in other areas.—Many other areas have different 
situations in production conditions, in “marketing methods, and in 
price patterns. Similar studies could well be made to develop the 
best possible answers for areas having important differences. A first 
need, probably, is for study of possibilities for improving farm in- 
come and for more effective utilization of milk-processing facilities 
in the areas of the Midwest that manufacture milk produc ts. 

Physical research on input-output relationships.—More information 
is needed on the relation between different inputs of feed and outputs 
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of milk before economic analysis can answer satisfactorily many of 
the questions posed by seasonality of milk production. Most needed 
is information on milk-production response to different levels of 
feeding and for cows freshening in different seasons of the year. 


IMPROVING THE MARKETING AND DisTRIBUTION OF DAtry Propucts 


(PMA—Federal—Marketing Farm Products) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The objective of this work is to assist in developing a system of 
orderly distribution of milk during the months of seasonally heavy 
production and to expand market outlets for the nonfat solids of 
milk, which are in heavy supply as a result of the increased marketing 
of whole milk that took place during the war period. This work 
includes studies of relationships among market prices of dairy prod- 
ucts, production, and utilization of milk, and marketing practices 
and programs. It involves consultation and cooperation with indus- 
try representatives on plans for orderly adjustments in the utiliza. 
tion and marketing of milk and its products, and encouragement of 
industry to develop outlets for such products, so as to enlarge the 

market for milk and butterfat, increase returns to producers s, and 
minimize the need for support programs. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Analysis is being made of ps relationships, utilization, and 


marketing practices for milk and dairy products. Work is being done 
with industry and Government groups to bring about increased con- 
sumption of dairy products, particularly nonfat dry-milk solids. 
This work takes the form of technical advice, consumer education, 
and programs to encourage consumption, such as the plentiful foods 
program and direct distribution to school-lunch programs. In addi- 
tion to the efforts to increase consumption of nonfat dry-milk solids. 
work is being done on programs to encourage the diversion of skim 
milk to other uses, as a further step in reducing the market surplus 
of nonfat dry -milk solids. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was set up as a specific project on July 1, 1947. The 
wide seasonal variation in production of milk and its products, th 
normal competition and shifting of milk among various manufactur- 
ing outlets, and the wartime increase in farm marketings of whole 
milk relative to farm- separated cream, create marketing and distribu- 
tion problems which require continuing study and the formulation of 
programs to facilitate orderly marketing. ‘This work is closely re- 
lated to other activities of the Department, including price-support 
programs, fluid-milk marketing ache s, and other programs affecting 
the production and marketing of milk, butterfat, and manufactured 
dairy products. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this work recently have been as follows: 1948, 
$6,500; 1949, $6,630 ; 1950, $6,800. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
Increased consumption of nonfat dry-milk solids—The Depart- 
ment has cooperated with industry groups in developing programs 
to encourage increased consumption of nonfat dry-milk solids. Pro- 
duction and consumption of this product in the United States 
amounted to less than 250 million pounds per year in the 1935-39 
period. Under the impetus of wartime Government financing of dry- 
ing plants and of other programs to encourage the diversion of milk 
solids to needed war food uses, the ronr of nonfat dry milk 
solids more than doubled during the war. Civilian consumption was 
cut back, however, through the operation of set-aside orders which 
diverted the major portion of supplies into military and lend-lease 
channels. Production continued to increase after the war, and since 
the industry could not expand domestic sales outlets during the war 
period, there existed a major job of readjustment and expansion of 
domestic markets. Through the efforts of industry, with assistance 
from the Department in the form of technical advice, consumer educa- 
tion and specific programs to encourage consumption, the rate of 
domestic civilian consumption during the past 3 years has increased 
to about double the 1935-39 level. 









SOME ADDITIONAL WORK NEEDED 
The problems which gave rise to the need for this work continue to 
exist. Despite the increase in consumption of nonfat dry-milk solids, 
for example, the Department in 1949 purchased more than one-third 
of total production, representing a supply surplus or a consumption 
deficit at support price levels. The Department also purchased sub- 
stantial quantities of butter and cheese for price-support purposes. 
These purchases have represented only about 3 percent of total milk 
production during the past 2 years. Efforts which would result in a 
relatively small percentage increase in total consumption, therefore, 
would eliminate the need for these price-support activities. The 
efforts toward increased consumption, as well as seasonal and inter- 
product adjustments to encourage orderly marketing of milk and its 
pods will result in increased returns to dairy farmers. 


CROSS REFERENCES-——-MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—A-2-16.1 to 24.1, chapter 26, research and analysis for servicing current 
requests. 

BAI—h-1, chapter 35, import-export inspection and quarantine. 

BAI—Control of miscellaneous animal diseases and interstate inspection, chapter 
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BAI—Meat inspection, chapter 35. 

BPISAE—e-3-4, chapter 30, lay-out, equipment, and operation of Cheddar- 
cheese plants. 

CEA—Commodity Exchange Act, chapter 35. 

FCA—a-1-—6, chapter 1, livestock cooperatives. 

BAE-RM: c-205 and A-2-16, chapter 26, economics of marketing. 

BAE-PMA-OES-BHNHE-BAIC-BDI-BPISAE-BEPQ—RM : a-c-518, chapter 
26, technological changes affecting marketing and utilization. 

EXT—RM.: c-95, chapter 37, marketing education on fluid milk, cream, etc. 

FCA—RM : c-83, chapter 1, processing meat products in frozen food locker plants, 
ete. 

OFAR—chapter 23 (especially RM : c-2 and RM: c-544), foreign activities. 

PMA-—-BAE-RM: ¢c-133, chapter 34, grading and inspection of dairy products. 

PMA-OES—RM_: c-2038, chapter 19, milk transportation studies. 

PMA-OES—RM.: c-392, chapter 26, motion and time study in marketing dairy 
products. 

PMA—RM : c-430, 481, 432, chapter 36, marketing service programs. 

PMA—Freight rates for farm products, chapter 19. 

PMA—Market inspection of dairy and poultry products, chapter 34. 

Chapter 82 for reports on crops and livestock estimates. 

Chapter 33 for commodity market news service. 





POULTRY AND EGGS 
Chapter 3—Part II 


Foreworp 


This chapter on poultry and eggs presents a report on studies in 
such fields as the feeding, breeding, and management of poultry for 
improved egg or meat production; the handling of eggs to retain their 
initial qualities from producer to consumer; the improvement of prac- 
tices and procedures in the marketing of poultry and poultry products; 


the protection of poultry from diseases and parasites; and the services 
rendered to the poultry industry through its poultry and turkey 
improvement plans. 

At the end of each of the production, utilization, and marketing 
sections of this chapter are cross-references to functional or cross- 
commodity lines of work that pertain directly or indirectly to poultry 
and eggs in other chapters. 
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A. PRODUCTION 


Pouttry Breepina 


(BAI—b-6-1—Federal—Regular Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 







To improve, by selective breeding, the efficiency of production and 
the quality of poultry meat and eges and to determine which of the 
practical breeding methods available to commercial producers are 
most effective in these respects. In the current work, emphasis is 
given to improvement of egg and meat quality by family selection and 
progeny testing and to increasing rate of egg production in chickens 
resulting from various types of breeding. 

















B. CURRENTLY ACTIVE LINE PROJECTS 





b-6-1-7—Development of inbred lines of chickens. To develop 










inbred families of chickens characterized by high rates of egg pro- 
‘ duction, fertility, hatchability, and growth. 

; b-6-1-8—Development, by outbreeding, of Rhode Island Reds and 
FE White Leghorns with superior egg production and other commercial 


traits, To determine whether or not superior strains of Rhode Is- 
land Reds and White Leghorns can be maintained or improved by out- 
breeding—conventional use of unrelated stock. 

b-6-1-9—Production of superior incross, incrossbred, and topin- 
cross chickens. ‘To determine whether or not chickens with superior 
commercial traits can be produced by crossing inbred lines of the same 
breed (ineross), by crossing inbred lines ‘of different breeds (in- 
crossbred), and by crossing males from inbred lines on unrelated out- 
bred females of the same breed (topincross ). 

b-6-1-10—Variation and inheritance of eggshell quality measured 
by loss in weight of eggs during incubation. To determine the manner 
of inheritance of good and poor eggshell quality, use being made of 
good and poor shell lines of chickens previously developed: to study 
the relation of shell quality to thickness, finish, color, and porosity 
of shell; and to incorporate into commercial strains of chickens the 
ability to produce eggs of good shell quality. 

b- 6-1- 11—Variation and inheritance of rate of deterioration of 
eggs in storage. To determine the manner of inheritance of the 
characteristics leading to the production of heat-resistant and non- 
heat-resistant egg white; to measure the ability to withstand com- 
mercial cold-storage conditions, of the heat-resistant eggs characteris- 
tic of one strain of chickens and non-heat-resistant eggs : characteristic 
of another strain; and to incorporate into commercial strains of 
chickens the ability to produce relatively heat-resistant eggs. 

b-6-1- 19—-Breeding turkeys for increased egg production, early age 
at first egg, nonbroodines s, Superior fertility ‘and hatchability, and 


78552 361 
























362 AGRICULTURAL RESEARCH AND RELATED SERVICES 


high viability. To improve the Beltsville small white turkey in these 
respects. 

b-6-1-13—Breeding superior meat-type turkeys with uniform, 
small body size. To improve the Beltsville small white turkey with 
respect to body shape nas quality of carcass. 

b-6-1-14—Development of a new variety of chicken that can be dis- 
tinguished for sex by colour of down, and with superior commercia!| 
traits. To produce a new variety of Leghorn, the Gold Leghorn, that 
will have superior commercial traits and will produce male and female 
chicks differing in down color so that the sexes can be distinguished at 
hatching time. 

b-6—-1-15— Development of Columbian variety of chickens and their 
crosses for superior meat and egg production. ‘To produce, by family 
selection and progeny testing, superior meat chickens characterized by 
rapid growth, early feathering, ha breast, and high viability, egg 
production, fertility, and hatchability. 

b-6-1-16—Development of a strain of single-comb White Leghorns 
resistant to heat. To develop a strain of single-comb White Leghorns 
that will maintain normal production, egg weight, and viability un- 
der conditions prevailing in the summer in the Southwest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on simple problems related to the breeding and feeding 
of poultry was first undertaken in 1910 at what is now the Beltsville 
Research Center. The program was expanded somewhat in 1923, but 
the principal emphasis was placed on nutrition and incubation. More 
fundamental studies of poultry genetics were undertaken in 1931 and 
have been continued since that time. In 1938 the work on the Co- 
lumbian variety of chickens was transferred to a field station. Be- 
cause of the success of hybrid corn, similar work with poultry was un- 
dertaken since the reproductive processes of chickens seemed to make 
them, of all livestock, the best adapted to this method of breeding, and 
since it appeared that the best commercial strains of chickens had 
reached a point where they could not be improved further by other 
methods. eaten the development of egg, broiler, and turkey produc- 
tion as large-scale commercial enterprises for distant markets, stimu- 
lated the research on breeding for better quality of eggs and carcasses 
and for small size in turkeys. 


D. FUNDS—-ANNUAL EXPENDITURES 


With breeding studies financed from funds covering work on several 
lines of research with poultry, estimates for early years are difficult to 
obtain. Direct expenditures for all poultry husbandry investigations 
varied from about $55,000 in 1923 to about $147,000 in 1934, and 
averaged slightly less than $108,000 annually. During this period 
there were expenditures for three projects (maintenance of station 
at Beltsville and fundamental research on animal genetics and nu- 
trition) for which no basis for distribution is available now. The 
average expenditure for these three projects from 1923 to 1934 was 
about $92,000 annually. The direct costs for poultry breeding research 
ranged from about $60,000 in 1935 to about $92,000 in 1943. Expendi- 
tures for this work varied from about $88,000 in 1944 to $142,200 in 
1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of the Beltsville small white turkey—Responding to 
consumer and trade demands for a small type of turkey suitable for 
small families and small ovens, Department geneticists developed such 
a bird during 1934 to 1944, The new turkey was obtained by crossing 
several standard varieties—principally the bronze and white Hol- 
land—with admixtures of the Black, Narragansett, wild turkey, and 
imported white Austrian variety. Ata market age of 24 to 26 weeks, 
young toms of the new breed weigh 12 to 17 pounds and young hens 
71% to 10 pounds. Market demand for well-finished small turkeys has 
commonly resulted in a price difference of between 1 and 5 cents a 
pound in their favor. White feathering is a further asset, since white 
pinfeathers, if present, detract less than dark ones from the appear- 
ance of dressed birds. It has been estimated that about 10 percent of 
all the turkeys being raised in the United States in 1950 are Beltsville 
small whites. 

Development of methods of improving egg quality by selective 
breeding.—It was demonstrated by the Bureau of Animal Industry 
that proportion of thick egg white, heat resistance of egg white, occur- 
rence of blood spots in eggs, and strength and porosity of shell all 
are inherited characteristics. By selection and family testing a strain 
of chickens was developed that produced eggs having a very high 
proportion of thick white, which makes them especially good for 
whipping and poaching. Another strain was developed whose infer- 
tile eggs maintained their freshness for 2 weeks at a temperature of 
about 100° F., thus facilitating shipment and distribution. In other 
strains, blood spots were eliminated from eggs by selective breeding, 
and in others shell strength was increased to the extent that eggs 
would withstand 6 to 9 pounds pressure before breaking whereas aver- 
age eggs broke before the pressure reached 5 pounds. Particular 
attention was given to methods of measuring these characteristics 
which could be used by the commercial breeder. A very simple 
method was developed for measuring shell strength without breaking 
the egg. On the basis of about 4 billion dozen eggs produced annually. 
bringing poultrymen a cash income of a billion dollars or more, these 
findings, 1f widely applied, are conservatively worth $4,000,000 a year 
to the poultry Shdhistey: 

Demonstration of the practical possibilities of inbreeding chickens 
and crossing inbred lines —Closely inbred lines of Rhode Island Reds 
have been maintained at Beltsville more than 10 years without a de- 
crease in fertility, hatchability, or body size. These three characteris- 
tics are likely to deteriorate as a result of inbreeding. Egg prodastion 
in the inbred lines has been lower than in comparable outbred birds, 
but the hybrid progeny of inbred crossings have laid many more eggs 
than outbred birds. The results of these investigations are already 
being applied in large-scale commercial production of hybrid chicks. 

Discovery of the importance of early feathering and growth in 
broiler chicks —Rapid growth between the ages of 3 and 6 weeks and 
early development of feathers were found to be good indications that 
a chick we make a desirable broiler or fryer. It was found also 
that selection for fast feathering could be made from 1 to 10 days of 
age. These findings make it possible for a poultryman to improve 
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his stock for broiler production by selecting it when the chicks are 
still small. 


F. SOME ADDITIONAL WORK NEEDED 


Locating new outbred strains of chickens that, in combination, will 
provide relatively high egg production. Need for this research has 

ban indicated by unexpectedly good results of crossing white Leghorn 
males with Rhode Island Red females, in Beltsville experiments. It 
may be possible, by such studies, to raise egg production by crosses of 
different strains of outbred birds, 

Inbreeding for improved efficiency of meat production and im- 
proved carcass quality.—This is a relatively new field and much needs 
to be done through inbreeding to improve efficiency of growth, rate of 
feathering, yield of edible meat, and width of breast. 

Combination of selected desirable traits into a single line of chich- 
ens.—Desirable egg-quality factors including high egg production 
need to be brought together in one line of chickens. Although this 
is a difficult and involved problem, the successful development of such 
an ideal chicken would have great value in improving farm flocks. 

Production of inbred lines within breeds other than the white Leg- 
horn and Rhode Island Red.—Development of such lines would not 
only make available a wider selection of lines for crossing but would 
also permit crosses that produced white-shelled eggs and crosses that 
produced brown-shelled eggs. The Leghorn-Red cross produces an 
intermediate tinted egg against which there is some unjustified dis- 
crimination. 

Development of strains of chickens resistant to unfavorable climatic 
conditions—Although deaths due to heat occur in summer in poultry 
flocks in all parts of the country, and although it seems certain that 
there is some inherited resistance to high temperatures, little or nothing 
has been done in the past to investigate this possibility. 


Poutrry Meat ano Eac Quatiry 
(BAI—b-6—4—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the effects of methods of production, distribution, 
and storage on the quality of poultry products. The current work 
is especially concerned with the effect of heredity and disease on 
quality of eggs. 

B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-4-7—Influence of various foodstuffs and of hormones in the 
fattening diet of chickens on their gain and composition of their 
meat. To study the possibility of improving carcass quality of poul- 
try by varying the nature and amount of fat in the diet and by add- 
ing compounds containing hormones. 
64-8—Variation and inheritance of market-egg characteristics 
in fowl as affected by Newcastle disease. To compare, for market 
quality, the eggs of hens recovered from Newcastle disease with the 
eggs of hens vaccinated against the disease and those of unvaccinated 
hens free of the disease. 
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e b-6-4-9—Variation and inheritance of yolk color. To develop two 
' lines of birds, one laying light-colored yolks and the other dark- 
' colored yolks when all are fed the same diet, and to study breed dif- 
» ferences and seasonal variation in yolk color. 
ll 
AS C. HISTORY AND EVOLUTION OF THIS WORK 
nl 
It Exploratory work on meat quality, particularly that of pork and 
rf beef, was undertaken by the Bureau in the 1920’s and helped pave 
the way for poultry meat and egg quality research. Studies of poul- 
n- try meat composition, as affected by breeding and feeding, began at 
ds Beltsville in 1930 and expanded gradually during the next 5 years. In 
of the mid-thirties, research was begun on the keeping qualities of poul- 
try meat, with special attention to the effects of refrigeration and 
i | storage methods. Studies were also made of egg-yolk color, thick- 
on 5 ness of egg white, and eggshell quality, as affected by breeding and 
Lis feeding. “Retention of nutritive value of dried eggs during storage 
ch was tested and determination made of adequate storage temperatures. 
During the past 5 years, effects on egg quality ” such maladies as 
g Newcastle disease, as well as heredity and other factors, have been 
Lot under research. 
ld 
at D. FUNDS—ANNUAL EXPENDITURES 
ie. With poultry meat and egg quality studies financed from funds 
covering work on several lines of research ‘with poultry, estimates 
my for sarly years are difficult to obtain. Direct expenditures for all 
ry poultry husbandry investigations varied from $55,300 in 1923 to 
iat $147,100 in 1934 and averaged slightly less than $108,000 annually. 
ng During this period there were expenditures for three projects (main- 
tenance of station at Beltsville and fundamental research on animal 
genetics and nutrition) for which no basis for distribution is avail- 
able now. The average expenditure for these three projects from 
1923 to 1934 was about $92,000 annually. The direct costs for poultry 
meat and egg quality studies ranged from $9,300 in 1935 to $10,100 in 
19438, Expenditures for this work varied from $9,600 in 1944 to 
$12,400 for the fiscal year 1950. 
a FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
Ol Prevention of fishy flavor in turkeys.—It was found that the flesh 
of turkeys receiving fish oil in the diet takes on a fishy odor and fla- 
vor very readily. This was prevented by eliminating all fish oil from 
the diet the last 8 weeks before marketin; 
the Stability of vitamins in dried egg. “Dried eggs were consumed in 
oe unprecedented quantities during the war. Since eggs are an impor- 
oul tant source of vitamins A and D and riboflavin—one of the B vita- 
dd- mins—the stability of these vitamins in dried egg was determined. 
a | There was no loss during the drying process nor “during t months’ 
juice f storage at 30° F. Three-fourths of the Vitamin A was lost during 4 
‘th fs months’ storage at 98° F., but the other two vitamins were stable at 
the this temperature. 
ited 


Importance of mucin—a CY] De of pro tein- in C”dg whi ite, The rel- 
ative proportions of thick and thin white are important in determin- 
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ing the quality of an egg. A high percentage of thick white is es- 
pecially desirable in one that is to be poached or fried. It was first 
demonstrated at Beltsville that thick white owes its condition to the 
presence of a very small percentage of mucin, a type of protein found 
in secretions and tissues of man and animals. 

Effect of Newcastle disease on egg production and egg quality.— 
It has been known for some time that an outbreak of Newcastle dis- 
ease causes a severe temporary drop in egg production and egg quality. 
A natural outbreak in the experimental flocks at Beltsville made it 
possible to study the effects of this disease. There was a 12-week effect 
on egg production, 6 w eeks to the lowest level and 6 weeks before nor- 
mal ‘production was again attained. Pullets that recovered produced 
smaller eggs of lower candling grade and lower albumen quality than 
did pullets of similar heredity ; that had not had the disease. The poor 
quality persisted in some cases as long as 10 months after the birds 
recovered. On this basis, the prevalence of Newcastle disease is 
believed to be the cause of present widespread complaints among 
handlers of eggs that egg quality is unsatisfactory. 


F. SOME ADDITIONAL WORK NEEDED 


Effect on egg quality of vaccination against Newcastle disease.— 
Since vaccination with live virus appears to be the only effective way to 
combat the disease, the effect on egg quality of vaccination of birds 
at different stages should be determined. 

Interrelation of diet and treatment with hormone-active com- 
pounds in improving carcass quality of young chickens and turkeys.— 
The use of pellets of diethylstilbestrol—a hormone-active com- 
pound—to improve the finish of broiler chickens has become wide 
spread. Thus far, little attention has been given to the effect of the 
diet on the reaction of the birds to this treatment, but it seems likely 
that variations in the diet would influence the results. The marketing 
of turkey broilers is in the developmental stage. There is a good pos- 
sibility that diethylstilbestrol pellets would significantly i improve the 
finish of turkey broilers, and this possibility should be inv estigated. 

Effect of feeding antibiotics on quality of eggs and poultry meat. 
The effectiveness of antibiotics—substances that will kill disease- 
producing bacteria and that may possess some other stimulating 
effect on growth—as growth stimulants has resulted in the large-scale 
use, in poultry feeds, of byproducts containing residual antibiotics. 
Although there is no valid reason for using antibiotics in the diets of 
laying birds, products containing them are being so used. There is 
no information available as to whether or not significant quantities 
of antibiotics accumulate in the flesh or eggs of chickens. The possi- 
bility of such accumulation should be investigated, and if it does occur, 
its effect on quality should be determined. 


HyprIDIZATION FOR THE IMPROVEMENT OF PouiTRY 
(BAI—RM: b-39—Federal-State—RMA Funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To improve poultry by the use of the newer techniques employed in 
animal breeding, particularly hybrid vigor. Current work is directed 
to determine the feasibility of hybrid poultry and, if it is superior. 
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to use inbred lines at the cooperating agricultural experiment stations 
for the production of new and improved hybrids. In addition to ex- 
amining the conventional methods of hybridization, attention is being 
given to the possibilities of developing techniques better adapted to 
using hybrid vigor in poultry. Crossbreeding is being resorted to for 
meat production. In turkeys, studies are being made of factors influ- 
encing their reproduction. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-39-1 (Iowa)—Effect of inbreeding in chickens, methods of 
developing inbred lines, and measurement of values of such lines. 

RM: b-39-2 (Kansas)—Development of viable inbreds in White 
Plymouth Rocks. 

RM: b-39-3 (Nebraska)—Improvement of egg production in Sin- 
gle Comb White Leghorns by use of hybrid chickens. 

RM: b-39-4 (Missouri)—Relative rates of improvement of poultry 
by different systems of breeding. 

RM: b-39-5 (South Dakota)—Effects of inbreeding on qualities of 
ehickens. 

RM: b-39-6 (Minnesota)—Influence on fowl of selection methods 
and systems of breeding. 

RM: b-39-11 (Arkansas)—Improvement of chickens for meat and 
egg production through use of the White Wyandotte breed. 

RM: b-39-12 ( Virginia)—Inbreeding and selection as methods for 
improving broiler production. 

RM: b-39-13 (Mississippi)—Developing meat-type chickens that 
are also efficient egg producers. 

RM: b-39-14 (Louisiana)—Improvement of quality and produc- 
tiveness of White Plymouth Rock, Rhode Island Red, and Dark Cor- 
nish chickens through linebreeding, crossbreeding, and hybridization. 

RM: b-39-15 (South Carolina )—Development of more efficient 
broiler strains of the White Plymouth Rock and New Hampshire 
breeds of chickens. 

RM: b-39-16 (Tennessee)—Improvement of chickens through de- 
velopment of inbred lines and the crossing of these lines. 

RM:b-39-17 (Texas)—Use of special breeding technique for 
improving meat type and egg production in chickens. 

RM: b-39-7 (Colorado)—Inbreeding and cross breeding inbred 
lines of turkeys for maximum reproduction. 

RM: b-39-8 (Oregon )—Inheritance of fertility in turkeys with ref- 
erence to semen production and fertilizing capacity. 

RM: b-39-9 (Washington)—Causes of death of broad-breasted 
bronze turkey embryos before and immediately after the laying of 
the egg. 

RM: b-39-10 (Utah)—Inheritance of certain abnormal characters 
and their relation to reproduction in turkeys. 

RM :b-39-18 (California )—Inheritance of sexual maturity in males 
and related problems of male fertility as they influence the use of male 
turkeys in breeding-improvement work. 


C. HISTORY AND EVOLUTION OF THIS WORK 


_ Considerable change has been taking place in the thinking of pro- 
lessional animal producers as to the most effective means of improv- 
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ing animals. Crossing of inbred lines to produce hybrids possessing 
increased vigor for growth and reproduction has been proposed be- 
cause of the success in development of hybrid corn. Hybrid poultry 
are already being promoted on a commercial scale without much 
knowledge as to their value and dependability. Study of this subject 
was begun in 1947 under the Research and Marketing Act of 1946. 

Three phases of work, organized on a regional basis, are being con- 
ducted. Inthe North Central area, 12 States are cooperating on inves- 
tigating hybrid poultry for use in general farm and commercial egg 
production. The performance of existing hybrids and improved 
methods of producing better ones are under study. In the South, 13 
States are cooperating in the development of new types of poultry 
adapted to that area. Major emphasis is being given to producing a 
meat-type chicken, by crossing the superior meat qualities of the 
Cornish breed into southern poultry stocks and by hybridization to 
improve growth rate. Inthe West, eight States are working together 
to improve reproduction in turkeys. Pose reproduction is one of the 
outstanding handicaps of the meat-type turkey, which has become 
popular in recent years. Study is being given to the cause of inferior 
reproduction of turkeys and to methods of improvement. Beginning 
in the spring of 1950, one unit of a testing station established at La- 
fayette, Ind., was put into operation. Here stocks, developed at the 
cooperating agricultural experiment stations, are being evaluated along 
with some commercial hybrids and outstanding purebred strains of the 
Nation. 

D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 
Pinchi isnt 2462. is te isd toes | SR oe eg i Sg ee at $19, 400 
Fiscal year 1949 63, 700 
Fiscal year 1950 100, 200 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In the brief period of operation of this project, much of the efforts 
have been directed toward getting a long-period breeding program 
underway. However, important progress has already been made, as 
indicated by the following. 

Development of inbred lines of poultry.—Most of the approximately 
90 inbred lines under development at the cooperating agricultural ex- 
periment stations are in process of inbreeding; these lines, when in- 
bred, will be of great value for combining as hybrids. Tests are al- 
ready underway for determining those of superior combining quali- 
ties. Among these lines should be found in the near future combina- 
tions of commercial value. At present, basic inbred stocks going into 
commercial channels are in the hands of a few large commercial or- 
ganizations. The expense of development of usable inbred lines is 
too great for the average breeder to undertake. When once superior 
inbred combinations are found, they can be propagated by breeders 
and hatcherymen of the Nation. 

Improvement of meat qualities in chickens —Only recently have 
meat qualities of chickens been given much attention, and production 
of broilers has become an important phase of agriculture in the South 
and East. In the past few years, considerable progress has been made 
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in improving the characteristics of broilers with the aid of hybridiza- 
tion methods developed by the Bureau. Three traits of major inter- 
est are increase in breast meat, reduction of pinfeathers at broiler age, 
und increased rate of growth. Much has been accomplished in ob- 
taining early feathering in the heavy breeds of poultry, thereby elim- 
inating the pinfeather problem at the broiler age. In the last 5 
years the maximum rate of early growth has probably been increased 
by 20 percent as a result of breeding and nutrition.” Some progress 
has been made in increasing the proportion of breast meat by crossing 
the Cornish breed into our present strains of broiler chic ‘kens. 

Obtaining better reproduction in turkeys.—Studies as to the basic 
causes of poor reproduction indicate that mortality of embryos during 
incubation is more significant than was first realized. Improved tech- 
niques of artificial insemination have permitted extensive reduction 
in the percentage of unhatchable eggs in turkeys. Such methods have 
been successful in experimental flocks and indicate that practical ap- 
plication of them may be made by turkey breeders. 


F. SOME ADDITIONAL WORK NEEDED 


Methods of obtaining hybrid poultry need to be studied since the 
procedures followed in utilizing hybrid vigor in corn are sometimes 
not adaptable in poultry breeding. Theoretical studies have indi- 
cated that results similar to those obtained on hybrid corn oe be 
obtained by entirely different techniques in poultry. T hese possibili- 
ties should be explored before too much effort is given to the different 
development of hundreds of inbred lines. 

Hybrid poultry suited for meat production needs to be developed to 
keep pace with development of hybrid poultry for egg productioy 
The qualities to be emphasized differ in the two types of stock. De- 
velopment of inbred lines from broiler strains needs to be undertaken 
with the objective of combining these for the production of hybrid 
broilers. 

Strains of turkeys that will produce eggs of high fertility and 
hatchability need to be developed. A decrease in the overhead ex- 
pense incurred by breeders who raise flocks of young hens that turn 
out to be just “boarders” and produce few hatchable eggs is needed. 
The nonfertility of a sizable percentage of turkey eggs is one of the 
major economic problems of the grower. 

(For work in cooperation with States on regional projects NC-8, 
Ss 7 W-7, see ch. 39.) 


Povu.ttry NutTRITION 
(BAI—b—6—-2—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To (1) acquire information needed for making up efficient and eco- 
nomical diets for all purposes and for all classes of poultry; (2) find 
the effect of individual feedstuffs and combinations of feedstuffs on the 
composition, nutrition, and market value of poultry meat and eggs; 
and (3) determine the effect of environment on use of feed. Current 
work is directed toward more efficient use of available protein sup- 
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plies, search for unknown vitamins, and study of the effects of tem- 
perature and light on growth and egg production. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-2-9—Effective supplements for starting and growing diets 
containing no animal protein. To replace animal-protein supple- 
ments in diets of growing chickens with combinations of plant- 
protein supplements, known vitamins, possible sources of unknown 
vitamins, and other growth stimulants, 

b-6-2-10—Effect of feeding different levels of vitamins on storage 
of these vitamins in tissues of fowl. To determine the effect of feed- 
ing different levels of vitamins on the quantities of these vitamins in 
poultry meat. 

b-6-2-18—Effect of environment on growth, mortality, and feed 
and water consumption of chickens from hatching time to maturity. 
To determine which environmental conditions are most favorable to 
efficient use of feed by chickens. 

b-6-2-20—Effect of environmental factors on growth, feed con- 
sumption, egg production, energy, and body changes of fowls kept 
under normal housing conditions. To measure heat production, use 
of oxygen, and carbon dioxide production of groups of chickens ex- 
posed to various combinations of temperature, humidity, and light. 
in order to obtain information on which to base the construction and 
ventilation of poultry houses. 

b-6-2-21—- Estimation of some of the amino acids—the elements that 
form the proteins—in the flesh of chickens. To determine the composi- 


tion of the protein of the flesh of chickens of different ages fed different 
diets. 


b-6-2-22—Feeding and management of chickens in subtropical, 
semiarid climates. To attempt to improve growth, egg production. 
and hatchability of the cegs of chickens in subtropical climates by 


such procedures as artificia 
night. 

b-6-2-23—-Effect of high temperature on protein and vitamin re- 
quirements of chickens. To determine whether requirements of 
chickens for protein and certain vitamins are changed during very hot 
weather. 

b—6-2-25—Alfalfa meal in poultry diets. To determine the max! 
mum quantity of alfalfa meal that can be included in the diet of grow- 
ing and laying chickens and the value of alfalfa meal as a source of 
protein. 

b-6-2-26—Cottonseed meal in poultry diets. To overcome the limi- 
tations of cottonseed meal as a protein supplement for chickens. 

b—6-2-27-——Effect of vitamin D deficiency on abnormal coloration of 
feathers of growing chicks of several breeds. To determine to what 
extent different breeds and strains of chickens show blackening of 
the feathers as a result of vitamin D deficiency and to study the rela- 
tionship of the color change to the functions of vitamin D. 

b-6-2-29—Purified diets in poultry nutrition. To determine the 
presence or absence of growth preventing or stimulating factors in 
individual commercial feedstuffs that have been added to purified diets, 
and on the basis of results to form practical rations that will promote 
faster and more efficient growth than rations now in use. 


cooling of the air and artificial lights at 
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b-6-2-30—Effect of diet on sperm. To study the effects of certain 
dietary treatments on male birds and determine the ability of the 
sperm in mixed semen to fertilize eggs, as such semen is used for 
artificial insemination. 

b-6-2-31—Effect of ultraviolet radiation on egg production of 
hens. ‘To determine, if possible, why hens subject ted to ultraviolet 


radiation consistently produce more eggs than those not subjected to 
such radiation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Poultry-feeding investigations were begun at Beltsville, Md., in 
1910. Until 1926 the work consisted entirely of tests of relatively 
simple combinations of feed. It was then reorganized to include 
more detailed studies of poultry nutrition. Further expansion was 
made in 1931 to determine the effects of energy, body heat, tissue 
changes, and other health factors on ege production. Investigations 
were ‘begun at Glendale, Ariz., in 1927 to find what effect a hot climate 
has on health and laying ability of birds. The development of com- 
mercial egg and broiler ‘production and the keeping of chickens on a 
large scale in later years brought many new feeding problems to 
poultrymen. Present work is being directed toward the solution of 
these problems, as well as those of low hatchability and the quantity 
and quality of protein and of unidentified factors required by chickens. 
Attention is also being given to two diseases in chickens—perosis, 01 
slipped tendons; and encephalomalacia, or softening of the brain— 
caused by certain deficiencies in the diet. 


D. FUNDS—ANNUAL EXPENDITURES 


With nutrition studies financed from funds covering work on sev- 
eral lines of research with poultry, estimates for early years are diffi- 
cult to obtain. Direct expenditures for all poultry husbandry in- 
vestigations varied from $55,300 in 1923 to $147,100 in 1934 and 
averaged slightly less than $108,000 annually. During this period 
there were expenditures for three projects (maintenance of station 
at Beltsville and fundamental research on animal genetics and nutri- 
tion) for which no basis for distribution is available now. The 
average expenditure for these three projects from 1923 to 1934 was 
about $92,000 annually. The direct costs for poultry nutrition re- 
search ranged from $62,700 in 1935 to $85,800 in 1943. Expenditures 
for this work varied from $82,200 in 1944 to $128,100 for the fiscal 
vear 1950, 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Dise overy of the unknown grow th fae tor now known as vitamin 
B».—This discovery had a large share in making it possible to in- 
crease the level of soybean meal in poultry diets from the prewar 5 
percent to about 20 percent during World War IT. It has often been 
said that the poultry industry in this country could not have existed 
without soybean meal during the war, since this is the most abundant 
protein supplement, but the soybean meal would have been of little 
value without information as to how to use it. During the war the 
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Bureau of Animal Industry found that the small quantities of ani- 
mal protein supplement still regarded as essential in a soybean meal 
diet supplied an unknown factor required for early growth and re- 
production and that this factor was synthesized by micro-organisms 
in chicken manure. Later, when vitamin Bx was isolated elsewhere 
as a bacterial growth factor, it was found by the Bureau to be identi- 
eal with the growth and reproduction factor for chickens. The 
Bureau’s work indicating the making of the vitamin by bacteria in 
the intestinal tract was the basis of its commercial production by 
fermentation for medical use and for animal feeds. The incidental 
presence of the antibiotic aureomycin in one of the commercial B,, 
supplements for feeding led to the discovery that antibiotics, when 
added to most practical diets, stimulate growth of chickens and pigs. 
Before these developments, the quantity of vitamin Be available from 
animal byproducts was less than half enough for the most efficient 
production of chickens and pigs. New sources of this vitamin have 
corrected that deficit and have made soybean meal completely inter- 
changeable with animal products in many diets, thus effectively in- 
creasing the supply of protein for poultry feeding. 

Determination of best level of protein for growth of chickens.—A 
level of 21 percent of protein in the diet of growing chicks was found 
to be the minimum required. This finding is important since protein 
supplies are limited and, therefore, the most expensive part of the 
poultry diet. This level is now being generally used by the poultry 
industry. 

Discovery that germicidal ultraviolet light stimulates egg produc- 
tion.—When hens were given artificial light but no sunlight, and were 
exposed to germicidal ultraviolet light, their egg production was in- 
creased by as much as 19 percent. The effect was not due to vitamin 
D or to a decrease in the airborne bacteria. The discovery of the effect 
of ultraviolet light is so new that its potentialities have not yet been 
realized. 

Development of improved methods of feeding and managing chick- 
ens in hot weather.—Supplying all-night light to growing chickens 
in hot climates resulted in increased feed consumption and more rapid 
growth, presumably because the chickens were able to eat during the 
cooler night hours. Improved growth was also obtained when the 
house was equipped with an evaporative cooler. Unlike growing 
birds, laying birds were not benefited when they were supplied with 
artificial light and feed at night. These tests established the fact that 
poultrymen can increase growth of chickens through night lighting 
and feeding but should not expect greater egg production from these 
methods. 

Finding the objectionable features of cottonseed meal in poultry 
feeds.—Cottonseed meal as a protein supplement is generally regarded 
as unsatisfactory for poultry except in small amounts. The Bureau 
found that the value of this feed for growing chickens is limited 
principally by deficiency of lysine, a constituent of the protein. 
There is reason to believe that slight changes in the processing of the 
meal would largely overcome this deficiency. The toxic constituent 
of cottonseed meal, gossypol, is harmful to chicks if the meal is given 
in sufficiently large amounts, but ordinary good commercial meals do 
not contain enough of this compound to be harmful. However, they 
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do contain enough gossypol to be objectionable in diets for laying 
hens, which are more sensitive to the effects of gossypol than are 
chicks. Although the hens themselves are not harmed, they lay eggs 
of low hatchability and with a tendency to develop greenish discolor- 
ation of the yolk. Cottonseed meal can therefore be useful in laying 
rations only if a method can be found for reducing the gossypol 
content. 

Establishment of proper levels of fish oils in poultry feeds.—Use 
of high levels of fish oils was shown to lead to vitamin E deficiency 
and to lack of yellow pigment in shanks and fat, an undesirable 
characteristic in commercial broilers. Proper levels were estab- 
lished that supply ample vitamins A and D without producing 
undesirable results. 


F. SOME ADDITIONAL WORK NEEDED 


Characterization of remaining unidentified factors—There is evi- 
dence that animal byproducts, yeast and other fermentation byprod- 
ucts, alfalfa meal, and dried whey contain unknown essential dietary 
factors. ‘The commercial importance of these cannot be evaluated 
until each can be separated chemically from other factors and tested 
for effects on growth and reproduction. 

Effect of hormones on nutrition —Increasing use of hormones and 
related chemicals to improve carcass quality and increase egg pro- 
duction makes it necessary to know more about their effect on nutri- 
tion. ‘Their use may increase or decrease the quantities of vitamins 
and other nutrients required. 

Methods of increasing use by poultry of leaf meals and hay meals. 
Although a large proportion of the poultry diet is made up of by- 
products, grains are still fed in large amounts, which in a time of 
crisis would be used for human food rather than for animal feed. 
Information is needed on the possibility of feeding greater quantities 
of fibrous roughages to poultry. 

Determination of the mechanism by which ultraviolet light increases 
egg production.— Ultraviolet light under the conditions of the Bureau 
experiments was a very economical means of increasing egg produc- 
tion. However, the reasons for its effectiveness and the conditions 
under which it is effective remain to be determined. It is not known 
how effective it will be under all the conditions encountered 
commercially. 


rect 
eTed 


PROBLEMS OF ORGANIZATION AND OPERATION OF Farms (Povrtrr) 


(BAE—A-1-20—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity 


chapters and i 
Chapter 24, Economies of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the most profitable poultry management practices and 
: 


the competitive position of the poultry enterprise on farms in central 


Indiana, on dairy farms in southeastern Minnesota, and on farms in 
New York. 
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B, CURRENTLY ACTIVE LINE PROJECTS 


A-1-20-3—The place of the poultry enterprise on central Corn Belt 
farms. 

A-1-20-4—The place of the poultry enterprise on Lake States dairy 
farms. 

A-1-20-6—The place of the poultry enterprise on Northeast farms. 


C. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24, Economics of Production. ) 
D. FUNDS-—ANNUAL EXPENDITURES 
(See Chapter 24, Economics of Production.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISIIMENTS 


Many New York poultrymen can increase their net returns at leas! 
10 percent by starting chicks in November instead of waiting until 
spring. Seasonal patterns of prices, sizes, and production of eggs 
indicate the earlier starting date is more profitable. 

Findings show poultry a profitable side line on Midwest farms.— 
With approximately current price relationships, a fairly stable level of 
poultry production in the Corn Belt and Lake States appears probable 
during the next few years. Farmers in these regions compared with 
other areas can apparently compete more readily on a farm-flock basis 
than under a specialized poultry type of organization. The new 


technological er nORnEES in poultry production are as readily avail- 


able to the owners of small flocks (under 200 hens) as to the owners of 
larger flocks. 


F. SOME ADDITIONAL WORK NEEDED 
(See Chapter 24, Economics of Production.) 


NatronaLt Pouttrry ImproveEMENT PLAN AND Nationa TurKEY 
IMPROVEMENT PLAN 


(BAI—b-6-5—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality of chicks and poults raised in the United 
States by taking full advantage of inheritance for efficiency of egg and 
poultry meat production, and by protecting against hatchery- dissemi- 
nated diseases. This is being accomplished by (1) the development 
of more effective State poultry-improvement programs; (2) the identi- 
fication of the quality of breeding stock, hatching eggs, and chicks, by 
authorized terms that are uniform and applicable in all parts of the 
country; and (8) the establishment of an effective cooperative pro- 
gram through which new research knowledge and practical experience 

can be apphed to the improvement of poultry and poultry products. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-5-1—Development of improved strains of chickens. To work 
with breeders participating in the national poultry improvement plan 
in developing superior strains by rigid selection and progeny testing, 
and to work with participating | hatcherymen in the efficient use and 
distribution of the improved strains. 

b-6-5-2—Dev elopment of Improved strains of turkeys. To improve 

he efficiency of turkey meat production. Pedigree breeders are as 
sisted in improving rate of lay, fertility, hatchability, growth, and 
body conformation by rigid selection and progeny testing. Pedigreed 
stock and progeny of such stock are used in United States certified 
hatcheries and in the key flocks supplying hatching eggs to other 
participating hatcheries. 

b-6—5-3—Eradication of pullorum disease in chickens. To reduce 
losses of chicks from pullorum and other hatchery-disseminated dis 
eases. This is being accomplished through applying improved tech 
niques in pullorum testing, improving farm and hate hery sanitation, 
and the use of eggs negative to the pullorum test, and hatched in 
separate machines for flock replacement. 

b-6-54—Eradication of pullorum disease in turkeys. To reduce 
losses among poults from pullorum and other hatchery-disseminated 
diseases through a systematic procedure of testing the breeding stock, 
and flock and hatcher y sanitation. 


C. HISTORY AND EVOLUTION OF THis WORK 


The commercial hatcher y industry had its ince ption in the 1880’s 
and made a very gradual growth until about 1920. It has expanded 
rapidly since that time until the Nation now has approximately 9,000 
hatcheries with 552,000,000-egg capacity, that produce from 114 to 1! 
billion chicks a year. More ‘than 9 out of 10 of the chicks raised on 
farms are hatchery produced. 

As early as 1918 it w as recognized that certain standards should be 
established for the operation of poultry breeding farms and hatcheries, 
and State-wide programs of poultry improvement were adopted. By 
i934, 36 States had undertaken selecting programs for flock improve 
ment, 31 States a pullorum-testing program, and 24 States an ROP 

(record of performance) project. 

While the State programs served a definite need, a great deal of con- 
fusion occurred because of the different meanings attached to the same 
official terms among the States. For example, the term “accredited” 
meant freedom from pullorum disease in certain States, while in other 
States the same term designated breeding improvement work similar 
to the present United States approved work. As early as 1925, con- 
sideration was given to the development of a coordinated national 
plan, with uniform provisions and terms. After 10 years of careful 
re ‘ideration of the problem by representative poultry leaders, the 
national poultry improvement plan was formulated and _ pl: ced in 
operation July 1, 1935, under authority of an appropriation made by 
Congress for the Bureau of Animal Industry, to be used in coopera- 
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tion with State authorities in the administration of regulations for 
the improvement of poultry, poultry products, and hatcheries. 
Authority for the administration of the plan is now contained in the 
Department of Agriculture Organic Act of 1944. 


D. FUNDS—-ANNUAL EXPENDITURES 


Direct expenditures for this work averaged slightly more than 
$41,000 per annum during the fiscal years 1936-43. Expenditures 
ranged from $41,300 in the fiscal year 1944 to $113,600 in the fiscal 
year 1950. An increase of $50,000 for this work was approved by Con- 
gress for the fiscal year 1948. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Major portions of hatchery industry voluntarily enrolled.—The 
National Poultry Improvement Plan has been adopted voluntarily by 
47 of the States. The National Turkey Improvement Plan, which is 
similar but applicable to turkeys, was put into operation in September 
1943, and has been adopted by 46 States. 

Participation of the poultry-improvement plan has made a steady 
rapid growth as shown by the following tabulation, and now covers a 
major portion (66.5 percent) of the hatchery industry. 


Item | 1935-36 | 1940-41 


aioe 


1945-46 1949-50 








States cooperating (number) - --- : 34 44 47 47 
Hatcheries (number) -......-..-...-.-- a 1,017 | 2, 465 3, 952 4, 637 
Egg capacity (thousands) -...........-.....---- 38, 066 117, 916 259, 453 367, 253 
Flocks (number) ak leg hatokoetatdede 23, 813 59, 136 92, 324 106, 597 
Birds (thousands) - Poise arn ieee 3, 522 12, O11 24, 904 34, 700 
Birds trapnested under ROP supervision(number) 66, 547 154, 969 211, 669 1198, 866 


1 This figure is for the year 1948-49 inasmuch as the 1949-50 data are not yet available. 


Reduction of pullorum infection in chickens.—The number of pul- 
lorum reactors on the first annual test has declined from 3.7 percent 
of 4,000,000 birds tested in 1936 to 0.72 percent of 37,000,000 birds 
tested in 1950. The percentage of hatcheries qualifying for the non- 
tolerance classes, United States pullorum passed and clean, has in- 
creased consistently from 4.9 in 1937 to 69.6 in 1950. As a consequence, 
chick mortality during the first 3 weeks of brooding averages only 2 to 
5 percent as compared to 8 to 10 percent when the work was started. 
Based on the 1% billion chicks hatched last year, a reduction of 1 per- 
cent in mortality saves the poultry industry $3,000,000 annually. 

Reduction of pullorum infection in turkeys.—The number of pul- 
lorum reactors fa. declined from an average of 2 percent among 
97,000 birds tested in 1944 to 0.39 percent among 2,133,000 birds tested 
in 1950, resulting in a significant reduction in brooding losses. 

Increase in efficiency of egg production.—The average egg produc- 
tion per layer during the year for all chickens in the United States has 
increased consistently from 121 in 1936 to 165 in 1949. 

Use of standardized terms to describe chicks and poults with respect 
to quality enables farmers and poultrymen throughout the country to 
buy these products with greater assurance.—The official terms of the 
plans, such as United States approved, United States record of per- 
formance, and United States pullorum clean, mean that certain specific 





-. sh. ai nt ee i 





POULTRY AND EGGS 377 


requirements have been met in their production, irrespective of where 
produced. 

T he identification of thousands of proved breeding cockerels and 
hens on the basis of excellent egg production by their daughters.—The 
records of ROP breeders are routinely analyzed according to family, 
and special recognition is given to the proven sires and dams. This 
work identifies the better sources of breeding stock for use in hatchery 
and flock improvement programs. 

Development of an effective action program whereby the Federal 
Government, the States, and the industry work together in improving 
chick and poult quality.—The program developed under the national 
poultry improvement plan and the national turkey improvement plan 
is unique in that it is planned and administered cooperatively. The 
program is subject to review and change biennially in accordance with 
the recommendations of the cooperating States. Thus, the plan is 
kept abreast of new scientific findings and developments in the in- 
dustry. The State personnel engaged in this work comprise approxi- 
mately 6,840 authorized flock-selecting and pullorum-testing agents 
and blood collectors, 243 supervisors and inspectors, and 85 clerks. 

Identification of superior meat production strains of poultry.— 
Commercial broiler production in the United States has increased 
from an estimated 142,762,000 in 1940 to 487,089,000 in 1949. The 
newly adopted meat production performance test as an optional section 
of the national poultry improvement plan will make available infor- 
mation to broiler-chick buyers on the relative efficiency of meat pro- 
duction strains. 


F. SOME ADDITIONAL WORK NEEDED 


Analysis of available records on breeding methods and results —As 
a result of the United States register of merit analysis work, records 
for hundreds of thousands of birds are available on punch-card form 
for study to determine more effective breeding methods. The results 
obtained would be applied through the advanced breeding stages to 
further increase the ciency of egg production through breeding. 
Surveys to determine the transmission of egg production qualities 
through the use of males of improved breeding —Additional informa- 
tion is needed on the results from using males of improved breeding 
quality. Survey data could be obtained from thousands of flocks 
which would show the ultimate value of different selective breeding 
methods. 
Critical research on the variant pullorum problem, techniques in 
conducting the pullorum test, and developing an improved antigen.— 
In recent years a variant type of pullorum infection has interfered 
with the pullorum testing program in certain Midwestern States. 
Further investigations are needed to determine how to cope with this 
problem. Also, additional research is needed with a view to develop- 
ing improved antigen and refinements in conducting the test. 
Supervision of the production of incrossbred chickens.—It is esti- 
mated that about 28,000,000 incrossbred chicks were produced in 1950. 
Some such chicks undoubtedly have merit whereas others may be of 
little economic value. There is need for developing, under the na- 
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tional poultry improvement plan a systematic check through which 
prospective chick purchasers can be assured as to the quality of chicks 
represented to be incrossbred. 

Effectiveness of selective breeding methods in improving the ef- 
ficiency of turkey production—The pedigreed breeding of turkeys is 
relatively new and is based largely upon the results with chickens, 
The experience of some turkey breeders indicates the need of develop- 
ing breeding methods which apply more specifically to turkeys. 


Diseases oF Poutrry Causep By Bacreria AND FunGi, SucH as 
Putvorum, Fown Typo, anp Fown CHo.era 


(BAI—c-2-6—Federal—Regular Funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To investigate the extent of the so-called variant type of pullorum 
disease, and to develop improved methods of detection. The variant 
form of the disease, which is caused by a slightly different form of 
organism, was first recognized in this country about 3 years ago and 
has caused serious disruption of the pullorum-control program in a 
number of States. Since this form of the disease cannot be detected 
by the standard antigens, and it is too costly and cumbersome to use 
two antigens, it is the aim of the current work to produce an antigen 
that will detect both standard and variant types of the disease. 

Research is also carried on (1) to determine the manner by which 
fowl cholera is spread, including the reservoir of the disease; (2) to 
develop a diagnostic test for the identification of carriers; and (3) 
to investigate and evaluate methods of classifying the species of 
septicemia-producing organisms known as Pasteurellae, which cause 
losses in most all species of domestic animals. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-2-6-4—Improvement in antigens for the detection of pullorum 
disease in poultry. To improve visibility of stained antigens by the 
use of better dyes to facilitate the reading of the test and improve the 
speed and accuracy of the whole-blood plate agglutination test, used 
in the detection of the disease; to study the cause of the deterioration 
of stained antigens. By removal of the factors responsible for de- 
terioration, the expiration date may be extended thereby decreasing 
the expense of testing. 

c-2-6-5—So-called variant strains of Salmonella pullorum, particu- 
larly their relation to the diagnosis of pullorum disease. To investi- 
gate the extent and nature of the variant type of pullorum disease, 
and to develop a diagnostic antigen that will detect both the standard 
and variant forms of the disease. Antigens in use at present are not 
entirely dependable as they sometimes fail to detect pullorum- 
infected birds or reactors that are not infected with the disease. 

c-2-6-9—Characteristics of the various types of the organism 
(Pasteurella multocida) that causes fowl cholera. To develop meth- 
ods of identifying, propagating, and preserving types and strains of 
Pasteurella multocida most suitable for the making of antigens and 
vaccines, 
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c-2-6-10—Development of a reliable test for identifying carriers 
of fowl cholera. ‘To develop a test for identifying carrier birds. Such 
birds should be removed from the flock and thereby prevented from 
spreading the disease either by contact with susceptible young birds 
or to chicks through the egg. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Of all the bacterial diseases of poultry, pullorum disease has caused 
the greatest losses. As a first step in its control, the causative organ- 
ism, Salmonella pullorum, was discovered in 1899. The disease was 
then causing heavy losses in the chick industry and continued to do so 
for the first 2 decades. The discovery of the tube agglutination 
test in 1913 made possible the control of the disease by identifying 
and removing infected birds, since the disease is primarily egg-borne. 
Although the tube-agglutination test is very efficient in identifying 
infected birds, its use is costly and time-consuming. It was not until 
1929 when the rapid, whole blood plate agglutination test for use in 
the field was developed by the Bureau that Nation-wide control of the 
disease became possible. Through the national poultry improvement 
plan, which began operating in 1935 with its pullorum-control phase, 
the percentage of infected birds has been steadily reduced through the 
use of these tests. However, the recognition about 3 years ago of a 
variant form of the pullorum organism which is not detected by the 
standard test has seriously interfered with the pullorum-control 
program in some States. Consequently, emphasis is being given to this 
problem at present. 

Fowl typhoid was first recognized at the beginning of the century 
and has been encountered in practically all States. Losses due to this 
disease have varied from nominal to severe and the only control 
measures available were attempts at vaccination and destruction of 
entire flocks. Because of the prevalence of the disease the Depart- 
ment in 1943 began research on methods of control. 

Tuberculosis in poultry was first recognized in the early 1900's but 
it was not known to be widely distributed until about 1920. Research 
on methods of control was begun in the early twenties to develop a 
practical method for culling infected hens from farm flocks and testing 
breeding flocks to eliminate reactors. 

Fowl cholera and paratyphoid infection also have been known for 
about 50 years, but investigations by the Department and other labora- 
tories have revealed no effective control measures other than destruc- 
tion of the entire flock and disinfection of the premises. 


D. FUNDS—ANNUAL EXPENDITURES 


With investigations of poultry diseases caused by bacteria and fungi 
financed from a fund covering many nonparasitic diseases, estimates 
for early years are difficult to obtain. Direct expenditures for all 
research on nonparasitic diseases except brucellosis averaged slightly 
less than $79,000 annually from 1923 to 1934. Direct expenditures 
(from regular, special research, and emergency funds) for research on 
nonparasitic diseases except brucellosis ranged from about $167,000 
in 1935 to about $236,000 in 1941. Expenditures for research on 
poultry diseases caused by bacteria and fungi have ranged from about 
712,000 in 1942 to $49,000 in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of transmission of pullorum disease in incubators.—I 
the middle twenties transmission of pullorum disease in incubators at 
hatching time was reported in Kansas. The Bureau investigated this 
disclosure and found that the disease was transmitted at hatching time 
from infected to normal chicks in both forced-draft and natural-draft 
incubators. These facts pointed out the necessity of testing all hatch- 
ery flocks and the need for hatchery sanitation. During the late 
twenties many of the commercial hatcheries adopted some plan of 
testing their hatchery supply flocks for pullorum disease. When the 
national poultry improvement = was organized in 1935, a uniform 
plan of testing was made available to all States. 

Development of the rapid, whole-blood test with stained antigen.— 
The development of this test was the outstanding achievement of the 
pullorum-disease investigations since it furnished a rapid, inexpensive, 
and reliable field test for the identification and immediate disposal of 
reactors, and greatly facilitated pullorum testing on a national scale. 

Losses due to fowl typhoid controlled through research.—Intensive 
research on this disease has resulted in an effective control measure 
in which an antigen is used for making agglutination tests. Reactors 
to the test are slaughtered as a means of eliminating infection from 
the flock. As a result of this control measure, fowl typhoid is no 
longer a threat to profitable poultry raising. 

Development of practical control measures for tuberculosis in poul- 
try.—Research work on this disease has resulted in a practical method 
of preventing infection by removing hens for marketing after their 
first year of production, or at about the age of 18 months. In pure- 
bred breeding flocks, infected birds may be detected by the tuberculin 
test and removed for slaughter. 


F. SOME ADDITIONAL WORK NEEDED 


Improvement of antigens for detecting pullorum disease in chick- 
ens.—Although the antigens now used have brought the disease under 
comparatively good control, there is no single antigen available that 
will detect carriers of both types of the disease satisfactorily. Recent 
investigations have disclosed that there exists in the United States a 
type of pullorum disease known as Canadian, or variant, that cannot 
be detected with standard antigens. To make separate tests with 
both standard and variant antigens would greatly increase the cost. It 
is essential, therefore, that a single antigen, one that will detect all 
types of the disease, should be developed. 

Improvement of antigens to detect pullorum disease in turkeys.— 
No rapid, whole-blood test has been developed specifically for turkeys. 
The whole-blood antigens used for chickens is now the only test avail- 
able for turkeys but it fails to detect many diseased birds. It is 
essential that a more accurate field test for turkeys be developed. 

Development of antigens for use in testing fowl other than chickens 
and turkeys.—Little is known of the accuracy of the antigens now 
available for detecting pullorum disease in ducks, geese, pheasants, 
guineas, and other domesticated fowl. Since they frequently mingle 
with farm flocks and may constitute a reservoir of infection, this field 
should be explored. 
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Nonspecific pullorum reaction.—In some birds, the only evidence of 

pullorum disease is that they react to pullorum antigens. Such birds 

are known as nonspecific or nonpullorum reactors. Sometimes such 

. birds are so numerous that they cause considerable confusion in the 
interpretation of results of tests, and consequently valuable breeders 
are lost. Nonspecific reactions are due to the presence of organisms 
other than the Salmonella pullorum. The extent and cause of these 
reactions should be investigated, and methods devised to eliminate 
them. 

Extending the expiration date of pullorum antigens.—The present 
expiration date of pullorum antigen is 6 months. This short expira- 
tion period results in the m: :nufacture of small lots and close inven- 
tories, thus adding to the cost. 

Methods of transmission of the organism, Pasteurella multocida, 
that causes fowl cholera.—Since no effective control methods have yet 
been discovered for fowl cholera, which causes heavy losses in poult ry, 
investigation should be made as to whether the disease is acquired by 
contact with infected birds, contaminated ground, through the egg, 
or in the incubator. 

Effect of management, especially sanitation and housing, on the 
development of fowl cholera—There is considerable controversy as 
to the importance of sanitation in the control of most infectious dis- 

eases, especially with respect to contact of sick and normal birds, and 
the importance of cleaning and disinfecting contaminated pens or 
houses. If control measures are to be used effec tively by the poultry 
producer, he should have reliable information on these factors. 


Newcastie Disease or Pouurry 





(BAI—c-3-6—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 

















lo identify virus diseases of poultry and to develop methods for 
their prevention and control. Newcastle disease is widely recognized 
as one of the major causes of losses of young chickens throughout the 
United States, especially in broiler-raising areas. In a survey of an 
area producing nearly 1,000,000 birds weekly for broiler purposes, 
Neweastle disease was found on 30 percent of the farms and broiler 
plants. Consequently, current work is directed to research on the 
* various methods of diagnosing this disease, its mode of spread, the 
properties of the virus, ‘the eflicacy of commercial Newcastle disease 
vaccines in preventing the disease, and the control of the disease with 
either living or dead vaccines. 







B. CURRENTLY ACTIVE LINE PROJECTS 







-6-6—The causative agent, modes of spread, diagnosis, and con- 
trol ‘of Newcastle disease through vaccination and sanitation. To 
= ain information on the virus that causes the disease, discover ways 
by which the disease is spread, improve the methods of diagnosis and, 
most important of all, develop control methods including immuniza- 

tion and sanitation. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Early in 1942 the War Department was much concerned about the 
possibility of the introduction into this country of foreign diseases 
that would have a far-reaching effect on our food supply and inter- 
fere with the war effort. One of the poultry diseases considered at 
that time as being of major importance was Newcastle disease. 
‘Through the National Academy of Sciences and the National Research 
Council, and a subsequent organization known as War Research Serv- 
ice, arrangements were made to conduct research work on this disease, 
particularly its identification and control. During these investiga- 
tions—in 1944—it was determined that a disease which had existed in 
California poultry for about 4 years was Newcastle disease. Sub- 
sequently, it was diagnosed in a number of the Eastern States. Its 
rapid spread and the lack of information on its control were discussed 
at a conference of representative poultry specialists in 1945. A 
national conference was held in 1946, when the National Committee 
on Newcastle Disease was formed. Later that year the present co- 
ordinated research program, built upon the recommendations of this 
national committee, was developed by Federal and State research 
workers and others at a conference held at Baltimore. 


D. FUNDS-—-ANNUAL EXPENDITURES 


In the fiscal year 1947, $55,000 was made available by Congress for 
special laboratory facilities for research on Newcastle disease, and 
research on the disease was commenced. Expenditures for research on 
this disease are included under a project covering all poultry diseases 
caused by virus, most expenses of which are for work on Newcastle 
disease. Expenses under the project for research on poultry viruses 
since 1947 have been as follows: 

Fiscal year 1947 (in addition to $55,000 for construction of laboratory 


TN a in aceesp eecees ns s a cts tame ia adenetee eiae $39, 600 
RUE UNE i mec ce athe eee ce eae eee sala: tapioca 51, 400 
BISGAT VORP 19GO i on oe 2 eee a a eS ee rene . 44, 900 
Fiseal: year 1000. oss ktsetas dn eee ee 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment of methods of distinguishing Newcastle disease from 
other virus diseases.—Before the establishment of diagnostic methods, 
to which the Bureau made a substantial contribution, Newcastle 
disease was unrecognized and often confused with a number of other 
virus diseases. Such a situation made control difficult. It has been 
greatly facilitated by the development of diagnostic measures. 

Development of vaccines and other biologics for preventing spread 
of the disease among young chicks. Some of the vaccines produced 
are giving a fair degree of immunity. Indications are that these 
constitute a long step in the development of vaccines that will be 
highly effective against the disease. 

Discovery of disinfectants that will destroy the Newcastle disease 
virus on hatching eggs. Although Neweastle disease virus has been 
shown to be relatively resistant to some of the commonly used disinfec- 
tants, hatching eggs can be disinfected in certain solutions, thereby 
preventing the virus from being transmitted to the chicks. 
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F. SOME ADDITIONAL WORK NEEDED 


Intensification of research on diagnosis, vaccination, transmission, 
control, and eradication of Newcastle disease. In spite of the progress 
that has already been made, there are still excessive losses from New- 
castle disease. The Poultry Advisory Committee, established under 
the Research and Marketing Act of 1946, at its meeting in January 
1950, advised that such research be continued. Technical workers 
at many of the State colleges and universities have repeatedly ex- 
pressed the need for additional study of the control of the disease. 


Coccip1A AND Orner Protozoan Parastres or Pouutrry 
(BAI—c—5-4—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop practical means of diagnosing, treating, and preventing 
diseases caused by protozoan (one-celled) ‘parasites of poultry. The 
current lines of work are concerned primarily with the life history 
of, as well as the injury and symptoms produced by, coccidia, the 
protozoan parasites affecting turkeys and chickens in particular and 

causing the disease coc cidiosis, which is considered to be the most 
serious protozoan disease of chickens. Also, studies are being made 
of use of soil fumigants against soil nematodes (roundworms) and 
the effectiveness of other chemicals on the resistant stage of coccidia. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-b-4-1—-Controlling coccidiosis of poultry. To develop treatments 
for the disease. For many years, poultrymen had to rely largely on 
sanitation which, when carried out properly, is the most satisfactory 
known means of controlling coccidiosis. However, in an outbreak of 
the disease in large flocks, the labor and cost involved in changing the 
litter and disinfecting the buildings daily for several days are often 
prohibitive. At present, treatment as an aid to sanitation and im- 
minaidediden is one of the most practical procedures in controlling 
this disease. 

c-5-4-2—-Controlling trichomoniasis (caused by the protozoan para- 
sites trichomonads). To develop control measures for the parasites 
causing the disease. Trichomoniasis of the upper digestive tract of 
turkeys, pigeons, and sometimes chickens has been known for some 
time. However, recent investigations indicate that trichomoniasis 
of the lower digestive tract of turkeys, involving the cecum (one end 
of the large intestine) and sometimes the liver, may impair the health 
of these birds. Lar ge numbers of trichomonads frequently are found 
in the cecum, espec ially of young turkeys. No measures have yet been 
indicated for the control of these parasites inhabiting the lower 
digestive tract. 

c-)4-4—Transmissibility of kidney coccidia of wild Canada geese 
to domestic geese. A number of protozoan parasites of wild game 
birds are readily transmitted to domestic birds, often causing 
eae eaten In studies to determine the ability of parasites 
found in Canada geese to injure domestic geese, the kidney coceidia 
are being tested first. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Diseases caused by protozoan parasites result in serious losses to 

oultry producers. In the country as a whole, producers are probably 

tter acquainted with coccidiosis and blackhead (considered the 
most serious protozoan disease of turkeys) than any other disease 
of poultry. About two decades ago, coccidiosis was believed to be 
caused by a single species of coccidia, Himeria avium. Now, two forms 
of coccidiosis, each caused by one or more species of organism, are 
recognized. Eight species of coccidia, all differing in their biology, 
injuriousness, and resistance to natural factors, have been identified 
in the chicken alone. The current work on life histories of coccidia 
is an outgrowth of such previous studies. As research has increased, 
our knowledge of parasites and the diseases they cause, better means 
of control have been devised. Turkey producers have found that by 
raising their birds on wire and away from direct contact with soi! 
and excreta, blackhead and some other parasitic diseases could be 
better controlled. At present, many turkey raisers are using large 
tracts of land and are rotating their turkeys so that the same land 
will be occupied not oftener than once every 2 years. Small poultry- 
men with limited means cannot follow such systems because of the ex- 
pense involved. Therefore, other methods of controlling the disease 
must be discovered. This need forms the basis for much of the present 
research on turkey parasite control. 


D. FUNDS—ANNUAL EXPENDITURES 


With these investigations financed from funds covering work on 
several lines of research estimates for early years are difficult to ob- 
tain. However, direct expenditures from regular funds for all re- 
search on parasites and parasitic diseases of animals and poultry 
averaged $112,000 annually between 1923 and 1935. Direct expendi- 
tures for all research on poultry parasites varied from about $17,000 
in 1935 to $20,000 in 1941. Expenditures for research on coccidia and 
other protozoan parasites of poultry ranged from $12,000 in 1942 to 
$16,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Growth and development of the turkey industry aided through con- 
trol of blackhead.—Until the late 1920’s or early 1930’s, turkey raising 
was on a very small scale in this country, largely because of the preva- 
lence and destructiveness of blackhead. Asa result of research, effec 
tive parasite control measures have been developed and turkey raising 
has expanded in areas where previously the disease had forced the 
industry to be abandoned. 

Demonstration that the severity of coccidiosis in equally susceptible 
fowls depends chiefly on the number of coccidia swallowed by the 
birds.—Bureau research showed that the number of coccidia swallowed 
bears a definite relationship to the development of coccidiosis. If it 
were certain that the birds would swallow only a small number of 
oocysts, there would be no reason for advising thorough and frequent 
cleaning as a means of controlling coccidiosis. Under such conditions, 
the birds would develop only a slight or mild form of the disease 
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and become immunized. It is only when the birds ingest large num- 
bers of oocysts that control measures are necessary. 

Discovery that coccidiosis runs a limited course.—Tests showed that 
most fowls completely expel the coccidia parasites in the feces within 
approximately a month after inoculation. This discovery not only 
establishes the period during which a bird may remain infected, but 
furnishes information on which to base control measures. 

Demonstration that birds surviving an attack of coccidiosis are 
highly resistant to subsequent infections.—It has been observed that 
some commercially raised fowls may develop coccidiosis after matu- 
rity, but most of the birds are known to possess a high degree of resist- 
ance to experimental inoculation with the disease. This resistance is 
not due to age, as was previously believed, but to the fact that the 
growing birds regularly acquired small numbers of coccidial occysts 
(numbers too small to produce fatal cases of coccidiosis but sufficient 
to produce a mild infection) thereby becoming immunized. Depart- 
ment research has shown that once birds become immunized to a par- 
ticular species of coccidia, subsequent inoculations of infections are 
harmless to them. 

Determination that most species of coccidia are host-specifie—The 
species of coccidia parasitizing one variety of bird are seldom trans- 
missible to another variety. This discovery is important in determin- 
ing the limits of infection and suggests methods of control. 

Sulfa drugs as treatment for poultry coccidiosis—The discovery 
that sulfanilamide hindered the normal development of several species 
of coccidia in poultry furnished a clue for the testing of other sulfa 
drugs that might be more effective and less toxic. Sulfaguanidine, 
sulfamethazine, sulfapyrazine, sulfamerazine, and sulfaquinoxaline, 
all have been found to be more effective in inhibiting development of 
coccidia in poultry and much safer to use than sulfanilamide. 

Finding that poultry coccidia survive in the soil for long periods.— 
The Bureau found that all species of coccidia survived continuous 
exposure to outside weather conditions for 10 months and some species 
for nearly 114 years This discovery led to the practice of allowing 
coccidia-contaminated land to rest from 1 to 2 years before restocking 
it with clean birds. 

Effectiveness of copper sulfate as a treatment for light infections of 
trichomoniasis in pigeons.—Cases of trichomoniasis so advanced that 
symptoms of the disease are observable do not respond to treatment. 
By being able to treat light cases of this disease, the breeding stock may 
be freed of this parasite before the young are hatched, thereby pre- 
venting the development of the disease in the young birds, which suffer 
more severely from infections with trichomoniasis than adu!ts. 


F. SOME ADDITIONAL WORK NEEDED 


_ Practical methods for inoculating turkeys with blackhead disease 
jor experimental purposess—In attempts to inoculate test birds exper- 
mentally with cultured material the percentages of “takes” have been 
very low. In order to continue practical research on control methods 
for this highly fatal poultry disease, a successful method for experi- 
mental inoculation would be invaluable. 

More effective drug treatment for blackhead.—Some of the arsenical 
compounds are effective against the blackhead organism, but they are 
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expensive. ‘Treatment with these drugs necessitates the handling of 
each bird so that the compound may be injected into the muscles. A 
more practical, inexpensive treatment could be more widely used by 
poultry producers. 

Determination of the exact cause of death resulting from cecal 
coccidiosis.—Parasitic growths within the cells are responsible for the 
bursting of blood vessels, thus allowing the blood to escape. How- 
ever, it is not known why many severely affected birds live, whereas 
others, less affected so far as the eye can detect, die. Both types of 
birds have been examined post mortem and the amount of blood in 
the ceca seemed unrelated to the severity of infection. 

Studies on life history of turkey coccidia and injury caused by 
them.—Turkeys are infected with two and perhaps three species of 
coccidia. Numerous reports from several localities have stated that 
losses in turkeys have occurred from coccidiosis. Consequently, life 
histories of the parasites would serve as foundations on which to 
develop valuable control measures. 


Worm Parasires or Pouttrry 


(BAI—c-6—5—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain facts on which to base practical and effective methods for 
the diagnosis, treatment, and control of injurious parasites of poultry. 
The current work is particularly concerned with a study of the life 
cycles of parasites and the results of experimental and natural infesta- 
tions of domestic and wild game birds with these parasites to deter- 
mine an angle of approach to their control. In addition, all methods 
of control, including preventive and curative agents, are being tested. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-6-5-2—-Control of cecal worms (infesting the cecum, one end of 
the large intestine) through the administration of phenothiazine in 
mash, and its bearing on the incidence of blackhead. To determine 
the suitability of phenothiazine mash for the removal of the cecal 
worm, which has been demonstrated to be a carrier of the blackhead 
organism, causing a highly fatal disease of poultry. 

c-6-5-4—Determining the ability of the cropworm (Capillaria 
contorta, to cause diseases in turkeys. To discover the effect of infes- 
tations of this roundworm on the health of turkeys of different ages. 
Although immediate effects of the cropworm are known, the full result 
of infestations of turkeys has not been discovered. 


C. HISTORY AND EVOLUTION OF THIS WORK 


a 
Since 1904, when the current work was established by the Bureau 
of Animal Industry, many new species of worm parasites have been 
identified and others, already recognized in other parts of the world, 
were reported for the first time in poultry in the United States. Some 
of these parasites, such as the eyeworm of chickens (Oxyspirura man- 
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soni) and the intestinal strongyle of pigeons (Ornithostrongylus 
quadriradiatus), were shown later to be ser iously injurious. As a 
natural sequence to the discovery of these worms as harmful parasites 
of poultry, studies on their life histories and d: imaging effects were 
begun. The results of these studies, covering approximately 12 con- 
secutive years, furnished the groundwork for the development of 
practical ‘control measures. 


D. FUNDS-—-ANNUAL EXPENDITURES 


With these investigations financed from funds covering work on 
several lines of rese: arch, estimates for early years are difficult to ob- 
tain. However, direct expenditures from regular funds for all re- 
search on parasites and parasitic diseases of animals and poultry 
averaged $112,000 annually between 1923 and 1935. Direct expe ndi- 
tures for all research on poultry parasites varied from about $17,000 
in 1935 to $20,000 in 1941. Expenditures for research on worm para- 
sites of poultry have ranged from about $10,000 in 1942 to $22,000 in 
1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Turkeys shown to be carrier of gapeworm (infe sting the wind pipe 
of bird hosts), whic hi 7S Ve sponsible for severe losses mn young ¢ hick 8.— 
Turkeys are susceptible to gapeworm infection at any age even tho ugh 
mature turkeys suffer little from the effects. Adult chickens rarely 
become infected. Yet young chicks and turkey poults are very sus- 
ceptible to this roundworm and die in large numbers from its effects. 
This discovery led to the present general practice of raising turkeys 
and chickens separately, which has paid big dividends to producers. 

The nodular tapeworm (Raillietina echinobothrida) found to cause 
nodule formation in intestines of chickens—F¥or a number of years 
nodules caused by this tapeworm were confused with those of tuber- 
culosis, thereby hindering diagnosis and control. 

E ‘arthworms disc OVeETE d aS @S88E ntial inte rine diate hosts of two Spe- 
cies of hairworms (capillarid worms) of chickens and turkeys——Up to 
the time of this discovery, all species of hairworms were thought to 
have a direct life history without the intervention of an intermediate 
host. ‘This knowledge has formed the basis of a more effective method 
of controlling the parasites, which may cause severe loss of condition 
and frequent deaths. 

Discovery of life cycles of roundworms and tapeworms of poultry.— 
During the 10 or 12 years in which this work was in progress, the 
life histories of most of the worm parasites of poultry were worked 
out either completely or in part. These life histories furnished the 
fundamental information on which practical control measures were 
based. 

A number of poultry parasites found to be parasites of wild game 
birds.—In many instances the source of parasitic infection could not 
be accounted for in poultry until it was learned that wild game birds, 
which frequently visit poultry yards, harbored the same parasites and 
served as carriers. 
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Nicotine-bentonite and phenothiazine mixture as treatment for 
roundworms (cecal and intestinal) of chickens and turkeys —The mix- 
ture removed successfully 95 to 100 percent of the cecal worms and 
a similar percentage of the large intestinal roundworms, the most 
common of poultry parasites and one that causes loss of condition 
and sometimes death. 

Phenothiazine found to be a safe and highly effective agent for th. 
removal of the cecal worm of chickens and turkeys.—This a was 
demonstrated to be safer, easier to administer, more economical, and 
more effective for the removal of cecum worms than oil of chenopo- 
dium, an earlier discovery. 


F. SOME ADDITIONAL WORK NEEDED 


The exact role of the cecal worm in the transmission and develo)- 
ment of the blackhead organism.—lIt is believed that the blackhead 
organism is carried from one bird host to another in the ees of the 
cecal worm but the supposition has never been proved. It is not 
known how the cecal worm aids the blackhead organism in becoming 
established in the cecal and liver tissues. Such knowledge is impor- 
tant to the control of blackhead, which causes such a high death rate 
among young turkeys that it forced the abandonment of turkey rais- 
ing in some sections of the country. 

ife span and developing ability of eggs of different worm species 
under continuous exposure to outside conditions.—Since treating in- 
fected birds with drugs does not now seem to be a feasible contro] 
method for a number of worm parasites, it is necessary to find other 
means of attack. By determining how long the eggs of these worms 
can remain alive on the soil, it may be possible to develop a system 
of rotation of birds from one field to another at frequent and regular 
intervals to reduce the parasite infestation to a minimum. 

Transmissibility of worm parasites of wild game birds to domes- 
ticated birds ——Some worm parasites are known to be common to both 
wild and domestic birds. No doubt there are many others. Further 
information is essential as an aid in discovering sources of infestation 
in view of the fact that wild birds frequently visit poultry yards in 
search of food. 

Relation of nutrition to resistance of birds to worm infestation.— 
Preliminary tests showed that birds fed a diet high in animal protein 
had fewer and smaller worms than birds fed a diet high in vegetable 
protein and low in animal protein. More information is necessary 
before practical recommendations can be made concerning diet as a 
parasite control measure. 

Effects of worm parasites on their hosts—Exhaustive studies should 
be made on the effects of parasites on the host, through disease and 
other bodily changes in order to understand better how parasites pro- 
duce these effects. Such knowledge is vital to the development of 
control measures. 

Breeding strains of birds resistant to parasites.—There is some evi- 
dence that the heavier breeds of domestic birds are more resistant to 
parasites than the lighter breeds. Further investigation is necessary 
to discover whether or not it is possible to develop breeds resistant to 
parasitic attacks. 
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PREVENTION AND ConTrROL or LyMPHOMATOSIS 
(BAI—SRF-3-8—Federal-—Special Research Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop measures that will prevent or control a malignant disease 
in chickens comparable to cancer in humans, called lymphomatosis. 
Various aspects of the disease are known to farmers and poultrymen 
as “big liver disease,” “fowl paralysis,” and “gray eyes.” Nearly one- 
half of all deaths among adult chickens in the United States and a 
considerable number among young chickens are caused by this disease. 
To obtain answers to the following questions: (1) What is the na- 
ture of the viruslike agent causing the disease? (2) How is it trans- 
mitted? (3) What changes occur in the organs and tissues of 
chickens infected with the disease agent? (4) How may chickens with 
the infection be identified? (5) Can chickens acquire a natural im- 
munity to lymphomatosis? (6) Can a vaccine be developed that 
will immunize against the disease? (7) Can selective breeding be 
depended on as a means of developing lines of chickens that are highly 
resistant to the disease ? 


B, CURRENTLY ACTIVE LINE PROJECTS 


This work is not divided into line projects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This research was begun at the Regional Poultry Research Labora- 
tory at East Lansing, Mich., in 1939, and followed closely the project 
outline previously developed by the 25 cooperating North Central and 
Northeastern State agricultural experiment stations. Inability of in- 
vestigators at State experiment stations to develop, over a period of 
years, control measures for lymphomatosis and the heavy yearly mor- 
tality of adult chickens caused by this disease, prompted this coop- 
erative research. To determine what microscopic alterations develop 
in the chicken as a result of the infection such studies were begun in 
1945. After the laboratory confirmed that this disease is caused by a 
filtrable virus, the investigation was expanded to study its various 
properties. Work on developing a vaccine for preventing the dis- 
ease, and of developing a blood test to identify “carrier” birds 


(healthy chickens that transmit the agent through hatching eggs) was 
intensified. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures from the special research fund have ranged 
from slightly over $117,000 in the fiscal year 1938 when a special 
laboratory for this research was established to about $152,000 in the 
fiscal year 1949. Average annual expenditures over this period were 
112,000. Very limited studies on the disease aspects of lymphoma- 
tosis were conducted with regular funds for 2 years prior to the estab- 


lishment of the laboratory. Expenditures in the fiscal year 1950 
were $135,400. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination that lyphomatosis is caused by a filtrable virus which, 
increases the difficulties of dealing with the disease. It has been found 
that lymphomatosis is an infectious, contagious disease of chickens, 
and it may likewise be characterized as malignant—factors giving a 
basis for effective research. 

Demonstration that the disease is transmitted from parent stock to 
progeny through the hatching eggs—Also that it is spread from 
infected to noninfected chickens by contact; young chicks are more 
susceptible than older birds; and that transmission by contact is most 
likely to occur at hatching time through the respiratory route. 

Discovery that the virus may be transmitted to eggs from carrier 
hens that are healthy and in apparently good physical condition — 
Many such birds have not shown tumor manifestations of the disease. 

Development of several tumor strains of visceral lymphomatosis 
from naturally occurring cases of the disease —These strains are used 
extensively at this laboratory and other research institutions in study- 
ing the properties of the virus causing the disease. Through this 
means, experimental transmission may be reduced to a few days in 
contrast to 200 to 600 days required for manifestations of the disease 
when infection is limited to natural exposure. 

Development, through selective breeding, of lines of chickens that ar 
much more resistant to the natural infection of lymphomatosis than 
other lines —For example, the most resistant line of chickens at this 
laboratory has an annual mortality from lymphomatosis of about 10 
percent and the most susceptible line has a yearly death loss of about 
50 percent from this disease, when both groups are hatched and 
maintained together. Although the application of selective breeding 
is limited to the most advanced poultrymen who do trap-nesting and 
pedigree work, this procedure is being followed extensively by them, 
as it is a positive way to reduce mortality from lymphomatosis. 


F. SOME ADDITIONAL RESEARCH NEEDED 


70 develop and maintain for experimental purposes chickens that are 
absolutely free of lymphomatosis and all other infectious diseases.— 
Lymphomatosis is so widespread in flocks throughout the United 
States and other countries that investigators no longer have access to 
chickens, for experimental purposes, that are definitely known to be 
free of infection. One generation of chickens was hatched in the 
LBureau’s laboratories and maintained in isolation and under rigid 
quarantine for 300 days without the occurrence of lymphomatosis or 
any other disease. But the lack of free stock and the long time (200 
to 600 days) required for lymphomatosis to manifest itself are prob- 
ably the greatest natural handicaps to conducting research with this 
disease. 

To develop a test or tests that will make possible the identification of 
infected carrier birds so they may be removed from the breeding 
fiock.—This particular research is predicated on the idea that trans- 
mission of the infectious agent is through hatching eggs produced by 
infected chickens, and conversely, the presence of noninfected birds in 
flocks. An added stimulus to this phase of research with lymphomato- 
sis is that any technique used in the development of a test for this 
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disease might be applied in human medicine in the identification of 
persons with cancer before tumors develop. 

To explore further the possibility of developing a vaccine that 
immunizes chickens against the lynphomatosis virus.—It is generally 
conceded by poultry-disease specialists that the use of a test to identify 
carrier birds is preferable to the use of a vaccine. Nevertheless, 
research directed toward the development of a vaccine is warranted 
as a further safety measure. 

To determine how the virus of lymphomatosis may be destroyed 
in incubators at hatching time without injuring the chicks in the 
machine-——Should a test be developed to identify infected stock, it 
is not likely to be 100-percent effective, and errors of applying any 
test are often made. ‘Therefore, it is important to develop means 
of destroying the causative agent at hatching time since this period 
is believed to be the one when the agent is spread to the greatest extent, 
possibly through the respiratory tract. 

To discover a chemical drug treatment that will aid in the control 
of lymphomatosis.—Informed research workers recognize the fact 
that success in developing a test for the identification of chickens 
with lymphomatosis or in making a vaccine for the prevention of 
the disease is by no means assured. Therefore, conducting tests of 
drugs, chemicals, hormones, and other substances seems justified. 

lo determine how resistance to lymphomatosis is inherited —Until 
the genetics of resistance is definitely known, poultrymen will be 
unable to follow most effectively and specifically a program of selective 
breeding as a means of controlling the disease. 


Pouutry PuystoLogy AND HatrcHrapiLitry 
(BAI—b-6-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) investigate the principles involved in reproduction in poul- 
try, (2) to find ways of applying the results to increase the efficiency 
of production of poultry meat and eggs, and (3) to improve incuba- 
tion practices. Current work is directed toward finding and removing 
the causes of low fertility and low hatchability of eggs, and of low 
fertility of male birds, both chickens and turkeys. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-3-4—Early embryonic mortality in pre-incubated eggs. To 
determine practical methods of pre-incubation treatment in order to 
eliminate those eggs that are infertile or that contain weak or dead 
embryos. Shipping and incubation losses can thus be reduced. 

b-6-8-5—Storage temperatures and their effect on hatchability 
of eggs of the domestic fowl. To determine the best temperature 
at which to hold hatching eggs before placing them in the incubator. 

b-6-3-6—Humidity and egg weight in relation to hatchability of 
chicken eggs. To determine whether the hatchability of very large 


and very small eggs can be improved by regulating the moisture 
content during incubation. 











392 AGRICULTURAL RESEARCH AND RELATED SERVICES 


b-6-3-7—Fertility and hatchability in domestic fowl. To study 
fertility and hatchability in the Cornish breed of fowl, which has 
very desirable carcass quality but low a and fertility. 

b-6-3-8—Causes of infertility and poor hatchability in turkeys. 
To determine the causes of these conditions and also to find means 
of correcting them. 

b-6-3-9—Use of domestic fowl] in routine analyses of hormone con- 
tent. To develop methods of measuring quantities of certain hor- 
mones and hormonelike compounds, using chickens as the test animals. 

b-6-3-11—Reaction of ovarian follicles of the hen to hormones 
that induce ovulation, or discharge of the yolk from the ovary. To 
study the artificially induced discharge of yolks from the hen’s ovary 
under the influence of hormones injected into the blood. 

b-3-3-12—Association of ovulation and laying of the egg by the 
hen. To determine the reasons for the association between laying 
of an egg and release of the succeeding yolk from the ovary. 

b-6-3-13—Hormonal control of ovarian processes in the hen. To 
identify the hormone secreted by the a gland after release 
of the yolk and to study the function of this hormone in the reproduc- 
tive process. 

b-6-3-14—Abortion and death of the ovarian follicle in the hen. 
To learn why some yolks when nearly ready to be released by the ovary 
undergo degeneration and are not released. 

b-6-3-16—Control of the function of the anterior pituitary in the 
hen by specific chemical substances. To try to influence the function of 
the anterior pituitary gland, which controls most other glands of 
internal secretion, by administration of chemical compounds. 

b-6-8-20—Time relation in the hen’s clutch structure. To determine 
the time relationships of ovulation and egg laying for successive eggs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Small-scale farm hatching of eggs was customarily accompanied by 
large losses during incubation in the earlier use of this method. 
Prompted by the problems facing the small operator and the need for 
similar information by the rapidly expanding commercial-hatching 
industry, the Bureau began this project in 1923. Later commercial 
hatching of eggs brought new problems with regard to hatchability 
and fertility, for the solution of which research work was begun. 
Higher egg production as a result of improved breeding and feeding 
led to the realization that still greater increases might be possible 
provided the mechanisms involved in egg production were better 
understood. As a result, studies on the control of egg production by 
hormones were undertaken. 


D, FUNDS—-ANNUAL EXPENDITURES 


With investigations financed from funds covering several lines of 
research with poultry, estimates in early years are difficult to obtain. 
Direct expenditures for all poultry husbandry investigations varied 
from about $55,000 in 1923 to about $147,000 in 1934, and averaged 
slightly less than $108,000 annually. During this period there were 
expenditures for three projects (maintenance of station at Beltsville 
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and fundamental research on animal genetics and nutrition) for which 
no basis for distribution is available now. The average expenditure 
for these projects from 1923 to 1934 was about $92,000 annually. 

The direct costs for poultry physiology and hatchability studies 
varied from about $11,000 in 1935 to about $9,000 in 1943. Expendi- 
tures for this project ‘ranged from about $8,000 in 1944 to $18,200 
in 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Improvement of methods of incubation—It was demonstrated 
by the Bureau of Animal Industry that for most successful incubation 
of eggs, the temperature should vary not more than half a degree 
from 100° F., that relative humidity should be about 60 percent “but 
could vary 10 percent above or below this figure with little hannful 
effect, that the oxygen content of the air should not drop below 21 
percent, and that the carbon dioxide should not rise above 1 percent. 
This work furnished much of the basis for the design and operation 
of large commercial incubators, which now are used in the hatching 
of more than 90 percent of all the chicks produced in the United 
States. 

Improvement of hatchability—When this project was begun in 1923, 
it was generally believed that poor hatchability was primarily caused 
by poor heredity. The Bureau found, however, that unsatisfactory 
nutrition of the breeding stock was a more important cause of the 
condition. Important discoveries in the nutritional field, such as that 
of vitamin B,., were stimulated by these Bureau findings, and State 
and private laboratories have used them as a basis for investigations 


on this and related subjects. 

Successful shipment of baby chicks for long distances—More than 
90 percent of all chicks produced in this country are hatched in com- 
mercial hatcheries, and a large proportion of these are carried from 
hatchery to farm by train, truck, or plane. The protective rules for 
handling baby chicks in transit are based on the results obtained by 
the meeps from the experimental shipments of chicks from 


seltsville, Md., to various parts of the country. 

Finding that the egg- production cycle depends on feeding and ac- 
tivity as well as on light—When hens are given a 14-hour day, the 
time of laying of eggs follows a certain pattern which is related to 
the periods of light ‘and darkness. It was generally accepted that 
the laying of eggs was directly controlled by light. That light is not 
the only factor was demonstrated by the Bureau; for when hens were 
given continuous light, egg production still followed a definite rhythm 
which, in the absence of ‘the light-dark rhythm, was regulated by the 
time of feeding—also the time of greatest activity by the hens. Regu- 
lation of feeding and activity periods of hens, as well as control of 
light, can thus provide g greater egg production for the poultry raiser 

Artificial insemination of chickens and turkeys—The method of 
on insemination of chickens and turkeys was first developed at 
Beltsville. Although not adopted commercially at present, this 
method is now ready for practical application. 


78552—51—-vol. 1——26 
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F. SOME ADDITIONAL WORK NEEDED 


Studies of fertility of male turkeys and chickens.—The lengthen- 
ing of the laying season in turkeys to obtain the maximum number of 
poults from each hen has aggravated the problem of infertility. Ap- 
parently the males are not able to maintain fertility throughout the 
longer season, but molt and become temporarily infertile. ‘This may 
occur when demand for poults is highest, and it has caused serious 
losses to commercial breeders. Research is needed, therefore, to find 
ways of extending the fertile period in males. 

Need for further increases in fertility and hatchability of eggs.— 
Although much progess has been made, 15 percent of all the eggs 
placed in commercial incubators are infertile and another 15 percent 
are fertile but fail to hatch. Research must either find ways of in- 
creasing fertility and hatchability greatly, or failing that, find ways 
to detect the infertile eggs and those not likely to hatch before they 
go in the incubator. 

Earlier sexual maturity.—Production of small eggs by many pullets 
immediately after reaching sexual maturity is an economic problem. 
This problem may or may not be aggravated by the present speed-up 
of growth rate and earlier attainment of mature body weight. At any 
rate, little information is available on the hormone control of sexual 
maturity in both sexes. This information is essential to the solution 
of the problems of pullet eggs and early maturity in chickens and 
turkeys. 


OPERATION OF Hormone Tuat Contrrots Eco Propucrion By THE 
Domestic Hen 


(BAI-SRF—2-121—Federal—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine how the hormone that induces egg laying develops and 
operates in the domestic hen and thereby to aucaies practical methods 
of controlling egg production. Investigations now in progress deal 
with the time relationships in the egg-laying cycle and with the rela- 


tionship of progesterone (a hormone) to the cycle. 
B. CURRENTLY ACTIVE LINE PROJECTS 


SRF 2-121—The mechanism of production, storage, and release of 
the hormone that induces egg laying. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Study of egg production of domestic poultry as influenced by the 
activities of endocrines, or internal secretions, in the body was begun 
as early as 1940. As experiments continued and the influence of hor- 
mones on all living things was demonstrated, belief grew that egg 
production could be controlled by the administration of hormones. In 
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1949, therefore, this project was begun for making such a study. 
Early progress was marked by the premature release of the yolk from 
the ovary of a hen by the use of two pituitary hormones, and the 
release of these hormones by another called progesterone. 


D. FUNDS--ANNUAL EXPENDITURES 


The expenditures from the special research fund covering work 
on activities of endocrines averaged $8,800 from 1940 to 1948. Ex- 
penditures on research on hormones were e $10,400 in 1949 and $10,900 
in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that the hormone progesterone, previously found only in 
female mammals, exists also in the blood of males, both mammals and 
birds. Although this work is still in the pioneering stage, evidence 
points to progesterone as having an important function in the balanc- 
ing of the several hormones that regulate fertility in males. It is 
believed to influence the period of sexual maturity in young cockerels, 
for instance, as well as the vigor of grown males. This dise overy is 
the first step in the dev elopment of a method to diagnose and correct 
infertility through the use of hormones. 


F. SOME ADDITIONAL WORK NEEDED 


Hormonal control of egg production.—Results obtained thus far in 
this research constitute only a beginning. Chemistry and physiology 
of the hormones is a new subject. As knowledge of these advances for 
mammals, it will be desirable to obtain similar knowledge for chickens 
in order ultimately to regulate production of eggs. 


CROSS REFERENCES—PRODUCTION 
e > also: 


BAI—c-4-4, Chapter 1, miscellaneous noninfectious diseases of livestock. 

BAI—c-7-2, Chapter 31, parasites of dogs, wild animals, and birds transmissible 
to livestock. 

BAI—c-7-3, Chapter 1, parasite collection. 

BAI—c-8-1, Chapter 31, external parasites. 

BAl—c-8-2, Chapter 1, internal parasites. 

BAI—h-1, Chapter 35, inspection and quarantine of imported animals. 

BAI—m-3, Chapter 35, inspection for foot-and-mouth —_ other animal diseases. 

BAI—Brucellosis and tuberculosis eradication, chapter : 

BAI—Control of virus, serums, etc., chapter 35. 

PQ—I-h~+4, Chapter 1, studies on lice, mites, and fleas. 

PQ—I-h-5, Chapter 31, tick investigations. 

ISAE—e-2-2, Chapter 30, livestock and poultry shelters. 

ISAE—e-—2-4, Chapter 30, poultry housing design. 

AI—RM: a-371, Chapter 8, feeds. 

BAI—RM : a-508, Chapter 8, feeding pellets. 

BAI—RM: a-560, Chapter 1, feeding of wheat to livestock. 

BAIC, BAI, BDI—RM: a-307, Chapter 14, feeding waste products to livestock and 
poultry. 


BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, effects of insecticides, 
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B. UTILIZATION 


UTILIzATION OF POULTRY Propvucts aND Bypropucts ' 
(BAIC—RRL-3-—7—Federal-State—Regular Funds) 
(Cooperation with private organizations) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To make poultry and egg products and byproducts of the most 
desirable qualities available at the lowest possible processing costs. 
This broad objective includes the prevention of waste caused by spoil- 
age or deterioration, and the utilization of byproducts such as feathers, 
viscera, and inedible egg white. The research is principally of a 
chemical nature and incorporates fundamental and applied investiga- 
tions, which involve not only the response of poultry and egg prod- 
ucts to conditions imposed during their processing, storage and dis- 
tribution, but also involves determination of the composition of poultry 
and eggs and determination of the usefulness of poultry and egg 
components. The purposes of current work are: (1) to improve 
poultry and egg products by developing means of reducing quality 
losses such as those due to the occurrence of rancidity, bacteria! 
contamination, off-flavors, off-textures, and poor appearance; (2) to 
develop new poultry products having significant advantages in size 
and compactness, and ease of preparation, such as are possessed by cut- 
up poultry and canned poultry; (3) to produce useful products such as 
fibers, bristles, plastics, and fertilizer from poultry waste products, 
especially feathers; and (4) to obtain basic information on poultry and 
eggs that will be useful in solving technological problems in the poultry 
and egg field and that will aid in the use of poultry and egg byproducts 
in other fields. 

B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-3-(7)-PP-1—Quality determination of poul- 
try and egg products 


RRL-3-(7)-PP-1-1—Subjective characterization of poultry and 
egg products. To develop methods of tasting poultry and egg products 
that can be reliably used to guide research on improved products. 

RRL-3-(7)—PP-1-2—Development of a simple and reliable micro- 
scopic method for counting micro-organisms in frozen poultry prod- 
ucts, particularly precooked products. To evaluate and develop meth- 
ods for counting contaminating bacteria in frozen poultry products 
in order to establish control methods for use in food production. 

RRL-3-(7)—PP-1-8—Determination of conditions for killing bac- 
teria in creamed poultry products. To establish the heating and 
cooling times and temperatures that are practical to use in order to 
minimize the occurrence of food poisoning staphylococci in frozen 
foods. 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under section B of this report, cur- 
rently active line projects are grouped under their parent research projects, which corre- 
spond approximately in scope to the regular work projects of other bureaus of the 
Department. Likewise, under sections D and B, research projects are used as the basis 
for reporting expenditures in 1950, and outstanding accomplishments. 
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Research project RRL-3-(7)-PP-2—Chemistry of poultry meat in 
relation to its processing and preservation 

RRL-3—(7)—-PP-2-1—Influence of method of processing cut-up 
poultry on its stability in frozen storage. To determine the best con- 
ditions for processing, packaging, and storing cut-up poultry parts 
and poultry steaks, which are appearing in the retail market in in- 
creased amounts. 

RRL-3-—(7)—PP-2-2—Chemistry of the fatty materials of poultry 
as related to the establishment and deterioration of meat quality. To 
determine what lipid constituents (fats, oils, and related substances) 
are the principal ones involved in poultry deterioration and what fac- 
tors affect their stability and thereby result in poor quality in stored 
poult ry. 

RRL-3-(7)—-PP-2-8—Evaluation of methods of minimizing ran- 
cidity development in frozen stored turkeys. To determine the extent 
to which commercially variable packaging and storage techniques 
affect frozen turkey stability in order to provide the best quality tur- 
keys for year-round consumption. 


Research project RRL-3-(7)-PP-3—Chemistry of egg products in 
relation to their processing and preservation 

RRL-—3-—(7)—PP-3-1—Development of rubberiness in frozen egg 
yolk. To obtain basic information on the mechanism of development 
of the undesirable rubberiness caused by freezing egg yolk products 
such as those used in the mayonnaise, noodle, stadt oat trades. 

RRL-3-(7)—PP-3--2—Relation of egg white proteins to the prop- 
erties of fresh and processed eggs. To obtain basic information on 
the constituents of egg white (proteins) for application to the follow- 
ing problems: variations in the performance of fresh and frozen 
liquid egg white in baking and candy manufacture; prevention of 
undesirable changes occurring during the various processing steps 
used for the preparation of commercial dried egg white; and estima- 
tion of the industrial and pharmaceutical usefulness of specific egg 
white constitutents. 


Research project RRL-3-(7)-—Pr-2—Chemistry of poultry byprod- 
ucts in relation to their utilization 


RRL-3-—(7)—Pr—2-1—Characterization of proteins and protein 
fractions derived from poultry ee such as feathers, technical 


albumen, and the like. To derive basic chemical information regard- 
ing the proteins and protein fractions derived from poultry byprod- 
ucts such as will be useful for the further development of practical 
methods for their industrial utilization. 

RRL-3-—(7)-Pr-2-2—Practical application of protein and protein 
fractions derived from poultry byproducts for such purposes as fibers 
and coatings. To develop practical methods for the conversion of pro- 
teins and protein fractions derived from poultry byproducts into 
commercially desirable products. 


Research project RRL-3-(7)—PA-4—Macrochemical and microchem- 
ical analysis of poultry products and byproducts (Service project) 
RRL-3-(7)-PA-4-1—Determination of the chemical composition 


of poultry products and byproducts, and the development or adapta- 
tion of methods of analysis for these investigations. (Service pro}- 
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ect.) To determine the chemical composition of poultry products 
and byproducts and to develop new analytical methods, techniques, 
and apparatus where required. 

RRL-3-—(7)-PA-4-2—The analysis of samples of poultry products 
and byproducts and the preparation of standard and indicator solu- 
tions. (Service project.) To make analyses for proteins, amino 
nitrogen, phosphorus, oil, free fatty acids, moisture, carbon, hydrogen, 
and other constituents, as required in utilization researches. 


Research project RRL-3-(7)-PA-5—X-ray, microscopic, electronic, 
and other physical methods of testing and analyzing poultry prod- 
ucts and b nae (Service project) 

RRL-3-(7)—PA-5-1—X-ray diffraction investigation of poultry 
products. (Service ‘adios To determine by X-rays diffraction 
the structure of materials derived from poultry, such as lysozyme and 
artificial protein fibers, and to determine the relationship of their 
structure to their physical properties. 

RRL-3-(7)—-PA-5-2—Chemical microscopic investigation of poul- 
try products. (Service project.) To determine the optic ‘al properties 
of materials derived from poultry, in order to assist in identific ‘ation 
of unknowns and to follow the course of chemical reactions when poul- 
try is processe dd. 

RRL-3-( 7)-PA-5-7—A pplication of microwave spectroscopy for 
identification and analysis of products derived from fresh, processed, 
and stored pouitry. (Service project.) To develop rapid and accurate 
methods of analyzing the off-flavor components of poultry products 
by microwave spec troscopy. 


Research project RRL-3- (7)-PA 6—Physical chemical investiga- 
tions of poultry products and constituents (Service project) 


RRL-3-(7)—PA-6-1—Spectrophotometric studies of egg powder, 
poultry meat, and essential constituents of poultry products. (Servic 
project.) To eet: and apply spectrophotometric methods for the 
analysis and characterization of constituents of poultry products in 
the study of the nature of degradative changes occurring during stor- 
age of dehydrated eggs and frozen poultry meat. 

“RRL-3-(7 )-PA-~6 *—Radioisotope studies of poultry products and 
constituents. (Service project.) To apply radioisotope methods to 
the study of the nature of the reactions of essential constituents of 
poultry products such as those responsible for the development of off- 
flavor in stored whole egg powder. 


Research project RRL-3-(7)-ED-4—Engineering and economic in- 
vestigations in the industrial processing of western agricultural 
commodities for food (Service project) 

RRL-3-(7)-ED-6-11—Engineering investigations of spray dry- 
ing. To determine the engineering facts required for rational design 
and operation of spray driers. 

RRL-3-(7)—-ED-6-19 aluation of processes and 
products derived from Saniaenthd in the processing of poultry for 
food. (Service project.) To determine probable costs in processes 
for freezing preservation of poultry and to evaluate the relative po- 
sition of these methods in order to orient research in freezing preserva- 
tion of poultry. 





2 Line of work to which a complete symbol has not yet been assigned. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Work on improvement in handling and processing poultry and eggs 
was conducted in this Bureau as e: why as 1910, but generally received 
only limited attention until the 1940's when additional funds to sup- 
port this work became available. Increased need for processing re- 
search has developed continuously with the trend from small farm 
production and small-scale processing to the large commercial-scale 
production and centralized processing that exists today. With the 
advent of World War II a vigorous attack was made by the Bureau 
on development of means of improving dried whole egg for military 
and lend-lease use. At the same time research was conducted on the 
production of fibers from waste feathers with the view of supple- 
nating the inadequate supply of textile fibers. Following the war 
there was need, of course, for both basic and applied research on more 
diversified problems in the poultry field. The dried-egg projects were 
terminated. ‘The projects taken up or continued were concerned with 
improvement in processing and storage methods for poultry and egg 
food products; development of new commercial products for the 
domestic market; and profitable utilization of poultry byproducts, 
especially feathers. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The funds expended on poultry and egg research prior to 1940 were 
small, and an estimate is difficult to inake because the funds did not 
appear as separate budget items. A rough estimate indicates the an- 
nual expenditure from 1910 to 1940 ranged from a few thousand dol- 


lars to $25,000. From 1941 to 1949 the annual expenditures on the 
utilization of poultry products and byproducts have averaged ap- 
proximately $180,000. The expenditure in 1950 was $208,000, which 
was apportioned among the various research projects as follows: PP-1, 
$11,200; PP-2, $60, 000: PP-3, $61,400; Pr-2, $25,000; PA-4, $10,400; 
PA-5, $10,000 ; PA-6, $20,000 ; ED-6, $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-3-(7)-PP-1 


Improved procedure for measurement of palatability changes in 
poultry products.—Most of the work under this project is service work, 
but an important improvement in taste panel methods has been made. 
Because highly important decisions, in industry as well as in research, 
frequently rest on the data obtained from taste panel results, it is 
essential that every improvement possible in taste testing methods be 
made. The improvement accomplished in this case provides a more 
effective means for obtaining reliable comparisons among 10 to 12 
samples of food than was possible by older methods. Four samples 
are generally considered to be the maximum number of samples that 

can be reliably judged by a taste panel at one sitting. Techniques have 
been worked out for using the statistical design known as the ran- 
domized incomplete block, a design in which only 4 samples are judged 
at a time but in which comparisons among all 10 or 12 samples are 
possible. The advantages of the design are that it saves the time of 
judges, saves material, and possesses features that help to maintain the 
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interest of the judges. It has been used successfully for comparing 5 
to 10 samples in 15 experiments with poultry, eggs, and other foods. 
Research project RRL-3-(7)-PP-2 

Was coating of poultry.—A process of packaging frozen food whic), 
consists of quick freezing the food and then dipping it into a wax bath 
or otherwise encasing the food in a wax coating provides excellen( 
protection of the quality of food during storage. commercial con- 
cern is now making a fall -ecabs development of this packaging method. 
About 7,000,000 pounds of meat was packed by this method for locker 
plant storage last year. The coating provides protection from air and 
prevents loss of moisture more effectively than ordinary packaging 
materials. 

Storage characteristics of turkey steaks——The conditions of tem- 
perature and packaging that provide adequate protection for frozen 
storage of this new poultry product have been determined and de- 
scribed. It was shown that the steaks do not keep as well as whole 
birds, but that they keep well enough to be an item in the frozen food 
field. Turkey steaks with commercial wrapping could be kept in good 
condition for approximately 3 months at 10° F., 6 months at 0°, and 
12 months at —10°. Serious loss may occur if more than 3 to 6 monthis’ 
storage of steaks is attempted under ordinary conditions of frozen 
storage and transportation. While the development of the turkey- 
steak method of distribution was made before this research was initi- 
ated, the contributions under this project have provided technologica| 
information that is useful to producers and distributors of turkey 
steaks in preventing losses due to excessive deterioration. 

The cause of fishy taste in turkeys.—An incidental yet important 
finding made during fundamental studies of rancidity development 
in frozen turkeys relates to the cause of “fishiness” i ec et en- 
countered in turkeys. Examination of the diets received by the 
turkeys revealed that not only those receiving fish oil in the diet 
(which was known to cause fishiness when used excessively), but also 
those receiving oils from other sources, such as linseed, were fishy. 
Therefore, to avoid losses due to fishiness, other substances than fish 
products must be considered. Substances containing oils that are 
highly unsaturated, which is characteristic of fish oil, linseed oil, and 
some other seed oils, should not be fed to turkeys during 4 to 6 weeks 
just before they are killed for market. 

Research project RRL-3-(7)—PP-3 

Nors.—This Bureau in conjunction with other research organiza- 
tions, conducted extensive research during World War II aimed at 
improving the storage life of dried whole egg powder. The principal 
responsibility of this Bureau was to conduct fundamental research. 
Some of the accomplishments were applied by workers in other in- 
stitutions, but one important application, acidified dried eggs, was 
made by Bureau personnel. Accomplishments are listed under PA-4, 
PA-5, PA-6, and ED-6, as well as under this project. 

Improvement in stability of dried eggs by acidification prior ' 
drying.—This improvement is partly due to the application of funda- 
mental research conducted primarily in Bureau laboratories. It was 
demonstrated that addition of acid to eggs prior to drying resulted in 
a marked increase (twofold or threefold) in the shelf-life of dried 
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eggs subjected to tropical conditions. This improvement is in addi- 
tion to the improvements resulting from drying eggs to lower moisture 
levels and from gas (air free) packaging. In order for the eggs to 
have a normal taste it was necessary, of course, to neutralize the acid 
during preparation of eggs for eating. To accomplish this in the most 
convenient manner a process was developed in which dry sodium 
bicarbonate (baking soda) was added to the dry egg at the time of 
packaging. As long as the mixture remained dry no neutraliza- 
tion took place, but when water was added during preparation for 
cooking, neutralization took place with the formation of a small 
amount of common salt, which merely reduced.the amount of salt 
needed for seasoning. Large-scale tests made in a commercial plant by 
the Quartermaster Corps confirmed the practical benefits of the acidi- 
fication process. These results were obtained too late to be of bene- 
fit in World War II, and only recently have specifications been issued 
by the Quartermaster Corps, for preparation of the acidified egg 
powder. In spite of this important improvement in storage stability 
of dried-egg powder, fundamental results now available indicate that 
still further improvement is possible; and, of course, further improve- 
ment is desirable. 

Source of off-flavor in dried eggs.—Research aimed at determining 
which constituents of eggs were involved in the serious development 
of off-flavors during storage of dried eggs led to important new 
findings. It was found that dried yolk was much more stable than 
dried whole egg, and that this was at least partly because yolk is 
more acidic than whole egg. Of the numerous yolk constituents, it 
was found than one or more of the fat constituents were involved in 
the flavor change. The fat constituent that appeared most certainly 
to be involved was the phospholipid, cephalin, which reacted with 
some unknown substance in the egg. This unknown substance was 
postulated to be an aldehyde, since addition of aldehydes to cephalin 
led to substances that had chemical properties similar to those of fat 
constituents isolated from deteriorated egg powders. These and other 
results led to the improved stability of dried eggs accomplished 
through acidification. There is no doubt among the research investi- 
gators that still further improvements in the stability of dried egg 
products will result from this type of basic information. 

Characterization of constituents of egg white—A comprehensive 
study of the constituents of egg white resulted in the development of 
new and more efficient methods for the separation of several of the 
egg white proteins and gave important information on their proper- 
ties and possible uses. Several of these proteins are of particular 
interest because they have specific biological activity. ,The impor- 
tance of the proteins of egg white lies in their biological activity and 
their consequent possible usage as biologicals in medicine, in their 
possible roles in the embryological development of the chick, in their 
function in the natural antibiotic activity of egg white, and in their 
contribution to the functional properties of egg white in cooking 
(e. g., foam formation, etc.). A greatly improved method was de- 
veloped for isolating in very pure form one of these proteins, crystal- 
line lysozyme. This egg protein, which destroys certain bacteria and 
is thus an antibiotic, is now being manufactured by a commercial 
concern according to this improved method. 
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Three other proteins with biological activity have also been studied. 
One of these, ovomucoid, was demonstrated as the material in egg 
white previously known to inhibit the action of the digestive enzyme, 
trypsin. Ovomucoid is being manufactured commercially for sale 
to research workers in biochemistry. Study of this substance made 
it possible to obtain certain basic information on the nature of dete- 
riorative enzymes in egg white. Conalbumin was another protein 
shown to be responsible ‘for a particular property of egg white. Ii 
was demonstrated to be the iron-binding material in egg white that 
exerts antibiotic action by depriving certain micro-organisms of 
iron. A fourth egg white protein of biologic: al and potential medica] 
importance is avidin, which binds one of the B- complex vitamins, 
biotin. Improved methods of preparing avidin have been developed 
and its chemical properties further elaborated. 

Characterization of constituents of egg yolk.—A study of the con- 
stituents of egg yolk has revealed some of those that are considered 
to be responsible for the emulsifying power of yolk in foods and in 
industrial products. Three proteins were studied in detail. Two of 
these were lipoproteins, that is, proteins containing tightly bound fat 
as part of the molecule; they were separated from what hac previously 
been considered one lipoprotein. One of these proteins, lipovitel- 
lenin, was shown to be quite unstable to freezing and thawing, and 
thus it is probably related to the deteriorative gelation of egg yolk 

caused by freezing and thawing. It contained more than 30 per- 
cent of phospholipid (a phosphorus constituent of some fats). The 
other lipoprotein, called lipovitellin, contained much less fat, less 
than 16 to 17 percent of phospholipid. The third protein, phosvitin, 
was also previously unrecognized as a yolk constituent. Its signifi- 
cance was not discovered, but it is of particular interest due to its 
unusually high content (10 percent) of phosphorus. It undoubtedly 
plays a role in the development of the embryo, but may well play a 
role in establishing some of the properties that make egg yolk such 
a widely useful substance. 

The eff cts of chemicals on eggs.—A fundamental study of the effect 
of certain chemicals on eggs and egg materials has given results of 
wide potential significance. The chemicals that are strikingly ef- 
fective have in common the property of reducing other chemical 
compounds to a lower state of oxidation. They were found to cause 
drastic changes in eggs when applied in very low concentrations, 
either as a solution to broken-out (processed) egg material, or in gas- 
eous form to intact eggs in the shell. In the latter case, eggs stored 
at refrigerator temperature in the presence of one of these reducing 
gases resembled a badly deteriorated storage egg when broken out 
and examined several days later. The white was thinned, the yolk 
flattened, and the yolk membrane was very fragile. Any one of several 
reducing chemicals has been found to cause these changes that closely 
simulate natural storage deteriorations; among them are cysteine, 
thioglvcol, sulfur dioxide, cyanide, and hydrogen sulfide. These fun- 
damental results are of significance in a number of ways: (1) They 
indicate that this type of ‘Teaction (chemical reduction) could occur 
within the egg during natural deterioration. Previous knowledge of 
egg deter iorations has not included information showing that such 
a specific chemical reaction could cause extensive deteriorations. 
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Whereas information on microbial factors and physical factors (such 
as temperature and relative humidity) are of vast importance to the 
processor, once the nature of the chemical reactions involved in the 
nonmicrobial deterioration of eggs is known, extensive advances in 
the preservation of eggs should follow. (2) The results show that con- 
tact of eggs with minute amounts of Se Hai agents during process- 
ing or storage could cause serious losses of uality. (3) Some of the 
chemicals used in this study may be beneficial, rather than delete- 
rious, when obs pcb employed in the processing of eggs. For ex- 
ample, egg white that is preserved by freezing or drying is generally 
first thinned by mechanical or microbial means. Results : of this study 
show that this can be accomplished quickly by chemical means. 
Research project RRL-3-(7)-Pr-2 

Development of process for the industrial production of fertilizer 
meal from feathers.—A simple, inexpensive process for the chemical 
conversion of waste feathers into a good fertilizer meal was developed 
by the Bureau and is in use by at least one commercial concern. This 
company has expanded the laboratory scale process to a production of 
20 tons per day. The processing cost in 1949 was about $35 per ton 
and the product readily sold for $60 to $75 per ton as an organic ni- 
trogen fertilizer meal. Briefly, the process consists of heating either 
wet or dry feathers in a closed container at about 50 pounds steam 
pressure (about 300° F.) for 45 minutes. The resulting product is 
dried in a suitable drier and is then readily reduced to a powder in a 
hammer or ball mill. This powder can be used directly as a condition- 
ing agent in mixed organic fertilizers. The process has been called to 
the attention of poultry y processors and farmer cooperatives as a profit- 
able solution of the problem of large-scale feather disposal. It is es- 
timated that possibly one-third of the 100,000 tons of feathers available 
annually is sufficiently well centralized to make their use in such a 
process practical. 

Basie studi S on fibe "Ss, and de velopme nt of paint brush bristle S 
from feathers —A procedure was developed for extruding heav y fi- 
bers or bristles from a protein powder made from feathers. This was 
a direct outgrowth of extensive fundamental work on the production 
of light-weight or textile fibers from feather protein. It was not found 
possible to produce a textile fiber that had a high enough strength 
when wet to be of practic ‘al value. However, the bristles are of such 
a quality, and the estimated cost is sufficiently low, that they promise 
to be at least a partial replacement for the long Chinese hog bristles 
which are no longer available. On the basis of the Bureau’s research, 
a commercial concern has carried the process to the semiproduction 
stage successfully. 

Modification of phenolic resin and plastic with feathers —Feathers 
heated for a short time become brittle and can easily be powdered. 
This powder, mixed with phenolic resin to give a molding plastic of 
the Bakelite type, gave a molded product which has 3 to 4 times the 
are resistance, is more readily produced in good colors, and is cheaper 
than the regular plastic. A building board was also produc ed on a 
laboratory scale, made up of rock wool bonded with phenolic resin and 
feather powder. The building board containing feather material 
could be nailed without shattering, and was cheaper to produce than 
the phenolic resin board without feather powder. 
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Foam material from feathers for fighting oil fires——The materia! 
was prepared by heating feathers in sulfuric acid solution to produce 
a degraded protein. The degraded protein was tested in cooperation 
with a Navy unit as a foaming agent for smothering oil fires. A roar- 
ing oil fire on a 10 by 12-foot surface was extinguished in 11 seconds. 
This test showed that the feather material compares favorably with 
products made from casein and soybean protein for fire-fighting pur- 
poses. Feathers can be converted through chemistry into a number of 
useful forms. 

Research project RRL-3-(7)-PA-4 

Valuable analytical methods developed.—This is essentially an in- 
tra-laboratory service project under which routine and semiroutine 
analyses are conducted. However, four important method develop- 
ments have been made under it: (1) Methods were developed for deter- 
mining the amounts of various sulfur compounds present in chemically 

reated feathers (cf. accomplishments under project RRL-3-—(7)—Pr 
2); (2) an accurate method was developed for determining the free 
fatty acid in dried eggs; methods previously used were in error as 
much as 50 percent; (3) a method for determining nitrogen in eggs 
and egg products was developed that required only 2 hours for comple . 
tion rather than 6 to 8 hours, as previously required; and (4) a suit- 
able method was developed to meet the long-standing need for a sim- 
ple, reliable, and sensitive means of determining aldehydic roducts 
formed during rancidity development in fat-containing isola. 
Research project RRI-3-(7)-PA-6 

Proof that water content and not surface area is primary factor in 
dried egg deterioration—Oxygen of the air is known to cause part 
of the deterioration of dried eggs. It is frequently true that the great- 
er the surface area of fat particles exposed to oxygen, the greater the 

rate of rancidity development. Also, it is known that many chemical 
reactions proceed faster in the presence of moisture. The importance 
of these two factors on the oxidative deteriorations of dried eggs was 
determined. Measurements were made of surface area by gas aheor ‘p- 
tion methods, and of moisture contents of various types of dried- egg 
powder. The rate of oxidation was found to vary only slightly w ith 
surface area, but markedly with moisture content, particularly at 
room temperature and above. These results demonstrate that in the 
design of dehydration equipment the particle size of the egg powder 
is unimportant compared to reducing the moisture to as low a value 
as practicable. 

Other contributions under the project.—A considerable portion of 
the work under this project is intralaboratory service work of a highly 
specialized nature. X-ray diffraction and optical studies have contrib- 
uted to accomplishments on egg proteins and on artificial protein 
fibers made from waste proteins. 


Research project RRL-3-(7)-—PA-6 

Nature of the reactions leading to discoloration in egg poe dur- 
ing storage.—Quantitative methods were developed and applied to 
show that two of the principal causes of discoloration which occurs 


during the storage of egg powder are the destruction of yellow caro- 
tenoid pigments and the formation of brown products resulting from 
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reaction between aldehyde and amine-type substances. The rate of 
destruction of the yellow pigments was not affected by the moisture 
content of the egg powder, but the brown aldehyde-amine products 
formed faster at higher moisture levels. These and related results, 
which showed that the fat fraction of the egg was involved in flavor 
deterioration, were used to develop an objective method to supplement 
taste methods for measuring the quality of dried eggs. The method 
based on lipid fluorescence was especially reliable at low moisture 
levels where the older methods based on fluorescence of protein was 
found to be unreliable. Better control of quality of the improved 
low moisture eggs was possible with this method. 

Moisture equilibrium in dehydrated eggs.—The relative humidity 
of air in equilibrium with egg powder was measured for different tem- 
peratures and various moisture levels of the powder. These data were 
urgently needed during World War II to serve as a basis for the 
design of dehydration equipment capable of producing egg powder of 
less than 3 percent moisture content. Other work in the dried egg 
research program had shown that lower moisture levels were essen- 
tial for increasing the storage life of dried eggs. 

Determination of moisture content of egg powder—A rapid, reli- 
able method was developed for measuring the moisture content of 
egg powder by determining the humidity of air in contact with the 
powder. This method was widely used in process control and was 
adopted as the standard for acceptance of egg powder meeting mois- 
ture specifications established by the Army Quartermaster Corps. 
Research project RRL-3-(7)-ED-4G 

Compression of dried eggs.—This project is largely a service proj- 
ect a work under it has contributed to accomplishments reported 
elsewhere in this report. The following accomplishment also may 
be cited. During World War II, procedures were developed for press- 
ing spray-dried eggs into blocks in order to save shipping space. The 
method accomplished a 50 percent reduction in bulk without impair- 
ment of the use or quality of the egg powder. Conditions for com- 
mercial application of the method were specified and are available for 
use in any future emergency. 


F. SOME ADDITIONAL WORK NEEDED 


Poultry processing and holding procedures.—Some poultry dress- 
ing procedures which are preferred because of their speed and opera- 
tional economy, lead to poor appearance and limited storage life in 
the dressed bird. Also, the trend toward marketing of ice-packed and 
chilled cut-up poultry has introduced problems of control of bacte- 
rial contamination and retention of fresh skin appearance in the 
chilled unfrozen poultry. To serve as a basis for developing the 
best processing and holding methods, information is needed on chem- 
ical and physical-chemical characteristics of poultry skin and meat 
that are related to loss of bloom, skin dehydration, toughness, organ- 
oleptic quality, ete. 

Prevention of the development of rancid or other off-flavors in 
processed poultry——Poultry products which under present practices 
develop objectionable off-flavors during preparation or during stor- 
age include cut-up frozen turkey, rendered turkey fat, poultry liver, 
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and canned poultry. Satisfactory stabilizers and effective coatings for 
the application of these stabilizers should be dev eloped. 
Characterization of poultry flavor—With the trend toward spec- 
jalized year-round production of meat type poultry, questions have 
arisen regarding the factors that determine and affect changes in 
poultry meat flavor. Processors are currently using monosodium 
glutamate to enhance poultry flavor, although the magnitude and bio- 
chemical nature of this effect is not known. The essential compo- 
nents of poultry flavor should be chemically characterized in order 
that optimum conditions can be determined for establishment and re- 
tention of flavor. Such studies would require, in addition to chemical] 
isolation work, development of adequate taste evaluation procedures, 
New poultry products and marketing outlets—There is need for 
improving and expanding the number of cut-up or individual-sized 
forms of ‘poultry meat available for our civilian and military needs 
as a ready-to-cook — More attention should be paid to the 


conversion of the whole ‘ass into compact items requiring little 
preparation by the consumer and having good shelf-life; the prepa- 


ration of dehydrated products of raw or cooked poultry that would 

be stable for 6 months at 100° F., and that could be readily cooked 
into a palatable dish; and the elimination or reduction of off-flavors 
and textures in canned poultry. 

Identification of chemical changes involved in the deterioration of 
shell eggs.—The quality deterioration of shell eggs during handling 
and storage is apparently chemical, physical, and microbiological in 
nature. Of predominate importance are the chemical changes, with 
their related effects on the physical structure of the egg. An im- 
portant advance in this subject was made in this Bureau ‘when reduc- 
ing chemicals were shown to lead to the breakdown of the thick white 
and weakening and flattening of the yolk. But other changes, such 
as changes in flavor, texture, and emulsion relationships of eggs, have 
not been related to chemical reactions. In order to devise new or 
more effective means for combating undesirable changes during egg 
storage, fundamental studies on the nature of the chemical and physi- 
cal reactions involved are necessary. 

Shell treatment of eggs.—Retardation of the storage deteriorations 
of shell eggs can be achieved by processing techniques which seal the 
pores of the shells. However, these techniques are only partially ef 
fective, and much of the information used for their development is 
empirical or incomplete. Basie knowledge of the chemistry and 
physics of the shell, shell membrane, and ‘their individual constitu- 
ents is necessary to approach this problem effectively. Such basic in- 
formation should also be applicable 1 in the important problem of egg 
cleaning, where dirt and stains must be removed without changing 
the appearance of the egg, weakening the shell, introducing foreign 
materials such as chemicals or micro-or ganisms into the egg con- 
tents, or otherwise altering its quality. 

Problems involwing processed (broken-out) egg products.—Several 
hundred million pounds of eggs are processed annually. ‘They appear 
in the market in the form of frozen white, yolk, whole egg, and con- 
centrated egg, and also in dry form. It appears important from 
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health-hazard considerations to pasteurize these products, but this 
is done to only a limited extent. Although some information is 
available on the subject, further improvement in pasteurization pro- 
cedures and further reductions in cost of pasteurization are needed 
before all of these products will be pasteurized generally. At the 
same time the procedures of freezing and thawing should be improved 
in order to reduce costs and to minimize the growth of micro-organisms 
during these processes. In the use of eggs in the manufacture of 
such products as mayonnaise, salad dressing, and confectionery goods 
it is generally considered that only part of the egg constituents is 
needed to produce the desired effects in the final product. The im- 
portant constituents for the several uses should be identified in order 
to evaluate the possibility of making more efficient use of eggs through 
separation into components that have specific properties. 

Development of a practical method for making feathers more useful 
in bedding.—Although goose body feathers are now preferred, chicken 
and turkey body feathers should find useful application as fillers in 
bedding if they could easily be separated from tail and wing feathers 
and if they could be crimped to increase their resilency or spring. 
In addition to possibilities for civilian use of feathers in this way, 
the Quartermaster Corps has indicated an interest in this subject. 

Improved utilization of poultry byproducts and waste—The by- 
products of the poultry industry are not as profitably utilized as 
are the byproducts of the meat-packing industry. This has been due 
partly to the smaller size of the poultry viscera and partly to a long- 
standing lack of centralization of processing operations. Increasing 
centralization of the processing operations warrants reevaluation of 
the possibilities of preparing industrial proteins, hormones such as 
insulin, and other products from poultry byproducts. Use of the 
waste for preparation of such items would supplement and partly 
replace use of the viscera for animal feed or fertilizer. 

Investigation of calcined feathers for possible uses other than fer- 
tilizer—Although the fertilizer market appears at present able to 
absorb profitably all the calcined feathers that may be produced, other 
possibilities that may be even more profitable should be investigated. 
Besides use in phenolic resins, these include evaluation of chemically 
modified feathers as a feed supplement, as an extender and modifier 
for protein plywood adhesives, and as a retardant for plaster setting. 


DEVELOPMENT OF New Mernops or PREPARING AND Processtnc CooKkep 
Pouutrry Meat 
(BAIC—RM: a—-112—Federal—_RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop commercial poultry-meat products (especially turkey 
products) that will meet the increasing demand for small-sized pack- 
ages of poultry and for products that are quickly and easily prepared 
for serving. Current work is chiefly concerned with the determina- 
tion of the processing factors that influence the quality and cost of 
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producing precooked frozen-food items, such as creamed turkey, 
turkey 4 la king, and turkey loaf. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—-112-1—F reezing preservation of cooked turkey meat. To 
develop the best pobre cooking methods and the most practical 
packaging, storage, and distribution methods for precooked frozei 
turkey-meat products. 

Stabilized white sauce for use in precooked frozen poultry meat.* 
To develop means of preparing white sauces and gravies, which are 
used in most precooked frozen-food dishes, that will remain smooth 
instead of having a curdled appearance after being frozen and thawed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on precooked frozen poultry was initiated in 1948. It was 
designed to provide specific information on production and storage 
methods that would economical and yield high-quality cooked 
poultry meat, especially turkey, in frozen form for distribution in 
small, family-size packages. 


D. FUNDS-——-ANNUAL EXPENDITURES 


About $42,000 was expended on this project in the 1950 fiscal year. 
Expenditures were about $39,000 in 1949 and $14,000 in 1948. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Reduction in rancidity of precooked poultry products.—The addi- 
tion of an antioxidant such as used for preserving lard, at the be- 
ginning of the cooking process, was found to be highly successful 
for preventing development of rancidity during cooking of turkeys, 
as well as during storage of frozen creamed turkey at 10° F. for 
as long as 6 months in an airtight metal container. Since large- 
size or surplus turkeys can thus be utilized, the precooked frozen 
product combines economy, convenient size of package, and flavor 
stability. 

F. SOME ADDITIONAL WORK NEEDED 


Development of formulas for mixed creamed poultry dishes.—The 
present studies on cooking, packaging, and storage of creamed poultry 
meat should be extended to include development of commercially 
practical specific formulas for use of various types of poultry and 
for production of dishes that differ in seasoning and other added 
materials. 

Frozen storage of cooked poultry meat other than as creamed 
products.—Experiments to date have dealt with problems related to 
mixtures containing poultry meat that is surrounded by sauces or 
gravies. Frozen storage of other types of cooked poultry products, 
such as cold sliced turkey meat and fried or roasted chicken, requires 


*Line of work for which no symbol has yet been assigned. 
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research on the prevention of dryness in the meat and the develop- 
ment of rancidity in the fat, which are the two principal quality 
deficiencies in these products. 


Improvep Drrep Ecos, Frozen Eacs, snp Processep Sueit Ecos 


(BAIC—RM: a-348—Federal—RMA Funds) 
(Cooperation with Private Organizations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop means of processing eggs so that they will have improved 
stability and better quality. The principal work concerns the develop- 
ment of methods for producing more stable dried whole eggs useful 
for baking, military and long-time storage purposes and the develop- 
ment of dried eggs suitable for use in prepared dry cake, doughnut and 
other mixes. A determination is also being made of change in quality 
(appearance, cooking characteristics, etc.) of shell and liquid eggs 


submitted to certain commercial processing procedures. 
B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-343-1—Role of reducing sugars in deterioration of dried 
whole egg and dried yolk. To determine specifically and quantitatively 
how much of the deterioration of dried eggs is due to the small amount 
of reducing sugar (1.2 percent of the total solids) they contain and 
to devise means of preventing this deterioration. A private firm 
cooperates when large-scale preparation of samples are needed. 


RM: a—343-2 (C)—Functional properties of shell, frozen, and dried 
eggs subjected to certain commercial processing and storage treat- 
ments. ‘To determine whether relatively new commercial processes 
such as mild heat treatment of shell eggs and pasteurization of liquid 
eggs change eating and cake-making characteristics of the eggs enough 
tomake them less acceptable to the consumer of the particular product. 
This work is being done under contract by a State university. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The particular phases of dried egg research being pursued in this 
project were initiated in 1948. The research on dried eggs conducted 
by many institutions during the past war led to improved egg powder, 
but did not yield a completely satisfactory powder. The actual chemi- 
cal reactions leading to various types of deterioration were not identi- 
fed, although useful information was obtained. Examination of the 
results of the wartime research indicated that detailed chemical studies 
of deterioration processes were likely to yield results that would be 
applicable for preparing improved dried eggs for use in prepared dry 
cake mixes, for use by the military or for long-time storage purposes. 
This project is a reopening of dried egg research conducted by this 
Bureau during the past war and terminated in 1946. 
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D. FUNDS--ANNUAL EXPENDITURES 


Approximately $31,000 was expended on this project in the fiscal 
year 1950. The amount for 1949, the first year, was approximately 
$22,000. 

E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Siafold improvements in stability of dried whole egg.—It was dis- 
covered that one of the most important chemical reactions that leads 
to deterioration in flavor of dried whole egg is the reaction between the 
sugar, glucose, and a constituent of the yolk fat, cephalin. This dete- 
rioration may be prevented by removing the glucose (1.2 percent of 
the dried egg) from the egg prior to drying. Removal of the glucose 
can be accomplished rather easily by a fermentation process in which a 
small amount of bakers’ yeast added to liquid egg under suitably con- 
trolled conditions destroys the sugar without altering the other con- 
stituents of the egg. A commercial scale run has shown that the 
procedure is practical. The improved (glucose-free) dried egg has a 
shelf life four to six times as long as that of ordinary dried eggs 
depending on the storage conditions. 


F. SOME ADDITIONAL WORK NEEDED 


Further improved dried whole egg.—Although the sixfold improve- 
ment in the stability of dried egg is of high importance, still further 
improvement in the stability of dried eggs should be possible by elimi- 
nation of additional deteriorative reactions. Some of these reactions 
appear to be caused by oxygen, but the exact nature of the oxidation 
is not known, nor is it known whether they can be prevented or retarded 
except, of course, by the complete exclusion of air, which would require 
gas packing of the eggs in a hermetically sealed container. 

Improved utility of dried egg—The present spray drying process 
produces egg powder which has little whipping or aerating power 
and which does not redisperse in water as readily as is desired. Cor- 
rection of these deficiencies combined with the stabilization of the 
powder is needed to make it more suitable for use by the baking trade. 
Such improvements would also be important for utilization of the egg 
powder in prepared dry cake mixes. 

Improved dried egg white and yolk.—Dried egg white and dried 
egg yolk are generally more stable than dried whole egg, but both 
products have deficiencies. Dried egg white frequently possesses 
an obnoxious odor, while dried egg yolk has poor emulsifying power. 
The usefulness of these products, which provide good storage and 
transportation savings, is thus limited, and research is needed to over- 
come the deficiencies. 
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FUNDAMENTAL INVESTIGATIONS IN MrcropioLoGy or AGRICULTURAL 
Propucts, Retatine to Tuer Composirion, PRESERVATION AND 
UrinizaTion as Foop 


(BAIC—b—9—F ederal—Regular Funds) 
(Cooperation with private organizations) 


A. PURPOSE AND NATURE OF CURRENT WORK 












‘ To study the types of micro-organisms occurring on and in agricul- 
; tural products, such as eggs, fruits, and vegetables, and their byprod- 
ucts as they relate to processed foods; to determine the cultural and 
physical characteristics of the contaminating micro-organisms and the 
conditions contributing thereto; to determine the fate and significance 
of the contaminating micro-organisms; and to study their physiologi- 
cal behavior. The current work is particularly concerned with the 
microbiology of egg dehydration, of frozen and liquid egg products, 
and of shell eggs, special attention being given to determining the 
presence of spoilage micro-organisms and bacteria of public-health 
significance, to developing methods for their elimination, and to the 
application of information so obtained in commercial preservation of 
eggs and egg products. 








B. CURRENTLY ACTIVE LINE PROJECTS 







b-9-1-1—Investigation of pathogenic and potentially pathogenic 
micro-organisms in dehydrated eggs and products related thereto. To 
improve the healthfulness of dehydrated eggs by the reduction or de- 
struction of microbial contaminants of public-health significance for 
the purpose of extending the use of dehydrated eggs, and to provide 
information essential for the establishment of microbiological stand- 
ards. 

b-9-1-2—-I nvestigation of germicidal efficiencies of hypochlorites 
and certain quaternary ammonium salts in the presence of egg mate- 
rial. To provide the egg-processing industries with specific informa- 
tion regarding the strength of disinfectants that must be used to cold- 
sterilize utensils, equipment, and shell-egg surfaces. 

b-9-14—Improved method for the fermentation of egg white. To 
improve the uniformity, stability, and general quality of fermented 
(dried albumin) in order to provide greater outlets for the 



















egg white ( 
product. In cooperation with the Bureau, a private dairy-products 
research laboratory will make available its facilities for evaluating 
on a pilot-plant and commercial scale any method developed for this 
purpose. 

b-9-1-5—The effectiveness of polymyxin and other antibiotics 
against Salmonella (food er organisms isolated from egg 
products. To study and evaluate by laboratory methods the antibac- 
terial activity of polymyxin and other antibiotics for strains of 
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Salmonella (food poisoning) types isolated from dried eggs and 
related egg products. Certain animal tests are being carried out by 
the Microbiological Institute of the National Institutes of Health 
under a cooperative agreement. 

b-9-1-6—Effect of freeze drying on properties of Salmonella (food 
poisoning) organisms isolated from egg products. To determine the 
effect of freeze drying on strains of many different types of Salmonella 
(fuud poisoning) organisms that have been isolated from dried egg 
powder and related egg products. 

b-9-1-7—Incidence and types of Salmonella (food poisoning) or- 
ganisms in and on different grades of edible eggs. To improve the 
microbiological quality of egg products through the acquisition of 
knowledge essential to the development of processing steps for the 
reduction or elimination of Salmonella (food poisoning) organisms 
from egg products. 


C. HISTORY AND EVALUATION OF THIS WORK 


Investigations covering the microbiology of food began in the Bu- 
reau in 1905. For many years, the work was primarily concerned 
with the bacteriological standards for food products such as milk, ice 
cream, fish, and oysters. Later, when investigations in canning tech- 
nology were undertaken, the bacteriological work was expanded to 
cover problems arising in this field, and still later, it was further ex- 
panded to cover multitudinous problems involved in the preservation 
of foods by cold storage, pickling, and other methods, the production 
of desired chemicals by controlled fermentations, the preservation 
of hides by salting, and the prevention of deterioration in foods due 
to microbial action. More specifically, the Bureau has conducted re- 
search in the field of microbiology relative to: (1) Pickling, brining, 
preserving, dehydration, freezing, canning, pasteurizing, and chem- 
ical preservation of fruits and vegetables and their products; (2) 
handling, cold storage, freezing, drying, and oiling of eggs; (3) egg- 
white fermentation; (4) utilization of farm and industrial wastes by 
fermentation methods; (5) manufacture and purification of sugars 
and starches; (6) methods for the fermentation and manufacture of 
wines and other alcoholic beverages; (7) causes and prevention of 
spoilage in honey, molasses, and other foodstuffs; (8) causes and pre- 
vention of food poisoning; and (9) food-plant sanitation. 

Interest in the microbiological problems of the dried-egg industry 
became active in 1911 because the industry had run afoul of the Food 
and Drugs Act to the extent of 14 judgments. Investigations on shell 
eggs, frozen eggs, plant sanitation, processing techniques, and dried 
eggs resulted in recommendations for improving the quality of egg 
products. 

At the start of World War II, the Bureau was asked to investigate 
the microbiology of dried whole eggs and dried-whole-egg manufac- 
turing processes. Accordingly it undertook to investigate the quality 
of the egg powder being produced, and sent men into the plants to 
study and improve processing conditions. It also conducted research 
relative to: (1) The incidence and types of enteric bacteria (Salmonella 
and coliforms), molds, yeasts, thermophiles in dried whole eggs; (2) 
seasonal, geographical, and operational influences; (3) source and 
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mode of entry of contaminating organisms; (4) survival of specific 
organisms in dried whole eggs held at different storage temperatures; 
(5) the influence of the kind of raw eggs used—dirties, leakers, turkey 
eggs, or duck eggs; and (6) the effect of different environment: al con- 
ditions on reconstituted whole egg. 


D. FUNDS—-ANNUAL EXPENDITURES 


With the microbial problems financed from funds covering several 
commodities or lines of work, estimates for early years are difficult to 
make. A very rough estimate of annual expenditures from 1911 to 
1935 ranges fro: 1 $5,000 to $10,000. From 1935 to 1943 5. the costs ap- 
proximated $10,000 to $15,000. Since 1944, the annual expenditures 
have varied from approximately $15,000 in 1944 to $35,000 in fiscal 
vear 1950. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Some significant accomplishments that have been made in the food 
field are attributable to microbiological research conducted on spe- 
cific commodities, as, for example, sugars and starches, er on food 
processing, as for example, freezing preservation of fruits and fruit 
juices and pickling of vegetables, 

Dew lopme nt of an Lm prove d method for the fe rmentation of eqaq 
white-—A method has been developed on a laboratory seale for the 
rapid fermentation of egg white by the use of nonproliferating cell 
suspensions of streptococcal strains including Streptococcus /actis. 
With this method, fermentation of egg white (to eliminate the sugar) 
can take place within 4 hours at temperatures ranging from 70° to 
113° F. During the fermentation, the growth of contaminating 
micro-organisms that usually produce objectionable flavors and odors 
in egg white is inhibited. The dried fermented egg white thus pro- 
duced yields a product that is quite satisfactory with regard to tas te 
and smell and also according to the usual chemical and physical eri 
teria. Because of the wide interest evidenced by the industry in this 
process, negotiations have recently been completed for the evaluation 
of the fermentation process by pilot-plant and commercial scale experi- 
ments. 

Improve ment of eqq powde ras aresult of microbiological studies.— 
The quality of whole egg powder and retention of quality during 
storage have been improved through bacteriological investigations 
on spray-dried eggs. Studies on the Salmonella organisms isolated 
from egg powder and related egg products have yielded the follow- 
ing facts. Salmonella organisms remain alive for long periods of 
time in contaminated powder stored at room temperature or below. 
They survive when contaminated powder is reconstituted (mixed 
with water) and held at household-refrigerator temperatures. They 
multiply rapidly when batches of contaminated — are recon- 
stituted and held at temperatures of 77° to 113° F., but apparently die 
when held at temperatures of 131° or above. Cooking by the usual 
method of scrambling cannot alw ays be depended upon to destroy 
all the Salmonella organisms that may be present in the reconstituted 
egg mix. 
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Comparative studies on high and low-moisture egg powders showed 
that egg powder dried to a moisture content below 2 percent is less 
likely to contain viable Salmonella organisms. This information has 
been made available and is used by interested Government and indus- 
trial agencies as a guide in consideration of regulatory activities and 
establishment of microbiological standards for dried eggs. Proper 
application of this information should result in the production of high- 
quality egg powder that will be generally acceptable to consumers. 


F. SOME ADDITIONAL WORK NEEDED 


The effects of freezing and thawing on the microbiology of liquid 
egg, the factors that make possible shell penetration of eggs by bac- 
teria, and the relation of Pseudomonas organisms to souring of eggs 
are some of the more immediate problems that require attention in 
order to maintain good bacteriological quality of eggs and egg 
products. 


ImproveMENT oF Microsian Quairy or Eaas, Ece Propucrs, Pourrry, 
AND Poutrry Propucts 


(BAIC—RM: a-440—-Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The development of reliable methods for the isolation and enumera- 
tion of Salmonella (food poisoning) organisms in eggs and egg prod- 
ucts and the determination of the pathogenicity of these organisms for 


humans. It was deemed necessary to investigate the incidence, mode 
of entry, types, significance, and relative pathogenicity for humans 
of food poisoning and other types of potentially pathogenic bacteria 
(e. g., Proteus, Paracolon, Salmonella, Streptococci, Mycobacterium, 
and Micrococci) and certain types of virus in eggs and egg products 
and also in poultry and poultry products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-440-1 (Revised )—Improvement of microbiological methods 
for the detection of Salmonella organisms in dried eggs and related 
egg products. To develop more accurate methods and techniques for 
the isolation, culturing, and enumeration of Salmonella organisms 
from eggs and egg products. 

RM: a-440-2 (C)—Investigation of the pathogenicity for humans 
of Salmonella organisms isolated from dried egg and related egg prod- 
ucts. To determine the pathogenicity for humans of the Sa/monel/a 
organisms isolated from dried egg and related egg products. This 
research is being conducted under contract by a university. 

RM: a—440-3 (C)—A study of the factors contributing to the con- 
tamination of poultry products with food-poisoning organisms such as 
Salmonella, Streptococci, Paracolon, Micrococci, and certain viruses, 
which may occur in the preparation line of certain commercial plants. 
To study the incidence and mode of entry of food-poisoning types of 
bacteria and other bacteria and viruses that may be significant at 
various stages in the preparation line during the processing of poultry 
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products, and to study methods for their elimination. This research 
is being conducted under contract by a medical college. 


C. HISTORY AND EVOLUTION OF THIS WORK 


There has been an accumulation of evidence that eggs and poultry 
products are contaminated with Salmonella (food-poisoning types of 
bacteria), as well as with other enteric, potentially pathogenic bac- 
teria. Many of the foods into which these products are mixed are not 
subjected to heat or other treatment sufficient to reduce or eliminate the 
questionable organisms from the final products. In order to provide 
a better-quality egg or poultry product to the consumer, research has 
been and is being carried out to improve the microbial character of the 
products. 


D. FUNDS—ANNUAL EXPENDITURES 
Annual expenditures were approximately $55,000 in fiscal year 1948 ; 
$12,000 in fiscal year 1949; and $31,500 in fiscal year 1950. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Accumulation of data has not yet reached the point at which eval- 
uation in terms of accomplishments can be made. 


F., SOME ADDITIONAL WORK NEEDED 


To increase and round out knowledge on the significance of con- 
tamination of food products with Sa/monella and other potentially 
pathogenic bacteria, it would be of value to study Salmonella infec- 
tions that may occur in institutions in which dried-egg powder is 


used as a regular part of the diet, and to study the role of animals and 
humans as possible sources of contamination of raw food products 
by Salmonella organisms. 


CROSS REFERENCES—UTILIZATION 
See also: 


BAIC—RM: a-401-—-Chapter 14, Freezing Precooked Foods. 
C. MARKETING 
PROCESSING AND Preservine Poutrry Meat anp E«os 
(BAI—RM: a-37—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate factors involved in the processing and preservation 
of poultry meat and eggs. Work now in progress deals with deter- 
mination of (1) edible meat yields from chickens of different ages 
and plumpness of body parts, (2) changes in the fat of stored poultry, 
and (3) quality changes and bacterial infection of stored eggs exposed 
before storage to different temperatures and different degrees of 


soiling. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM : a-37-1—Processing and preservation of poultry meat. To 
determine the effect of breed, age, and sex on the response of broilers 
and fryers to a finishing diet, and the effect of the finishing diet on the 
preservation of eviscerated, cut up, frozen poultry, and of fresh poul- 
try packed in ice in a barrel. 

RM: a-37-2—Relation of initial egg quality to effectiveness of proc- 
essing and resistance to deterioration. To determine the value of va- 
rious methods of processing and preserving eggs of known initia! 
quality with respect to breeding, feeding, and handling methods. 

RM: a-37-3—Methods of cutting up poultry. To compare various 
methods of cutting up poultry, as halves, quarters, and parts, for giv- 
ing the most convenient and complete use of the whole fowl, and to 
find uses, such as sandwich meats, spreads, and other products, for 
less ¢ i e poult ry parts. 

RM: a—3/-4+—Use of byproducts from poultry-dressing plants. To 
devise new food uses for viscera and bony parts, new feed products 
from offal (waste parts), and new methods of using good-quality 
feather fiber. 

RM: a—37-5— Measurement of quality in poultry by means of spec- 
trophotometric analysis (a method involving the colors of the spec- 
trum). To develop a method of measuring quality of stored poultry 
by spectrophotometric examination of samples of fat. 

RM: a—37-7—Preservation of shell-egg quality. To determine thie 
influence of age of dirty eggs, methods of cleaning, and stor age con- 
ditions on keeping quality and to study the influence of methods of 

shell treatment on preservation of quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


As commercial processing and preservation of poultry meat and 
egs expanded in recent years, numerous problems developed, melud- 
ng temperatures and time of storage, and bacteria growth. To in- 
sure acceptable products for consumer demand, these problems had 
to he solved. Accordingly, in 1948, on recommendation by the RMA 
Poultry Industry Advisory Committee, Federal research was begun. 
At first, emphasis was placed on the use of byproducts of poultry- 
dressing plants to add to the income of the industry. New, economi- 
cal uses of viscera, bony parts, and feathers were sought. Later, to 
meet consumer demand and increase marketability, research was - 
gun on the most convenient and complete use of the entire fowl | 

various methods of cutting the meat and development of spreads ali 
other products from poultry parts. Effects of processing, storage, aa 
other factors on eggs are included in the current studies. 


e 
l 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 


Fiscal’ year’ 00625025204, 2A i $28, 300 


Wiacal) year BOO: usc6 2 cl aed eeu eae eee 4a .. 6989, 200 
Fiseal year 1950 27 GOK) 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of effect of holding time and te m perature be fore 
storage on quality of stored « riments on reasons for losses 
of quality in market eggs have Fp that bacterial contamination 
through the shell is minimized by holding eggs at relatively low tem- 
peratures. In the storage of eggs at a temperature of 30° F. for 9 
months, however, it was found the at holding temperatures previous to 
low-temperature storage influenced the quality of the eggs to a sur- 
prisingly small degree. Eggs held longer than 12 days at 77° F. 
deteriorated, probably because of entrance of bacteria through the 
shell. These tests have furnished a guide as to the leeway and limita- 
tions in handling market eggs that are to be placed in cold storage. 

Calculation of meat yield from live weight of chicken. —By care- 
fully weighing large numbers of individual live chickens and the 
dressed and eviscerated carcasses obtained from them, the relation- 
ships among these weights were demonstrated and mathematical for- 
mulas derived which make it possible for poultrymen to calculate 
accurately the dressed weight, eviscerated weight, and weight of edible 
meat to be expected from live poultry. 


F. SOME ADDITIONAL WORK NEEDED 


Effect of cleaning egas on subse quent keeping quality.—The prac- 
tice of washing eggs on the farre has become common and is being 
blamed for much of the deterioration of eggs in storage. There ap- 
pears to be no way to prevent the was shing of eggs and it is believed 
that methods of cleaning could be developed that ‘would not affect: the 
quality of eggs while in storage. Consequently, research on this point 
seems highly desirable. 

Determination of best conditions for holding fresh eggs that are to 
go into storage. Factors, other than simple time and temperature, that 
undoubtedly influence preservation of quality of eggs destined for 
storage, should be determined. Discovery of them would result in 
savings to the industry by indie ating best methods for holding eggs 
and preventing loss or deterioratica in storage. 

Feeding of waste from poultry-packing houses to fur animals.— 
Waste from poultry-paching houses is being fed in large quantities to 
fur animals. Good experimental results have been obtained in feed- 
ing it to minks for pelting purposes. Widespread reproduction fail- 
ures in farm-raised minks have occurred, however, in the last 2 years 
and have been blamed, rightly or wrongly, on the feeding of poultry 
waste. Research is needed to determine if this effect is really due to 
poultry waste, and, if so, whether it is caused by residues of hormone 
pellets used to improve market quality of the birds or whether it is 
the result of naturally occurring hormone-active compounds. 

New uses for feathers.—Although there are many small-scale uses 
for feathers, large quantities are wasted because of the lack of suitable 
uses and processing methods. Research is needed to find methods of 
processing wet feathers as they come from dressing plants and to find 
uses for the processed material. 





AGRICULTURAL RESEARCH AND RELATED SERVICES 


RESEARCH, SERVICE, AND EpucaTIONAL ASSISTANCE 
FoR Pouuttry CooPpERATIVES 


(FCA—a-—1-7—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To assist in the development and operation of egg and poultry co- 
operatives, as authorized by the Cooperative Marketing Act of 1926 
(Public Law 450, 69th Ceng.)- This assistance includes research, 
service, and educational work in all phases of cooperative organiza- 
tion and operation. The current ‘opie is particularly concerned with 
(1) the cischeenies of the cooperative marketing of eggs, chickens, 
and turkeys, (2) coordinating marketing efforts of groups of co- 
operatives, (3) the development of new types of cooperative associa- 
tions to serve poultry producers, (4) the preparation of material for 
the dissemination of information regarding the progress, organiza- 
tion, business methods and accomplishments of poultry marketing 
cooperatives, and (5) miscellaneous educational work. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


a—1-7-1.—F actors affecting the cooperative marketing of turkeys. 
To compile, analyze, and publish information, regarding the factors 
which favored the present development of the cooperative marketing 
of turkeys and the factors which are hindering further development, 
for the benefit of turkey producers who desire to improve marketing 
agencies and practices. 

a—1-7-2.—The development and status of tle cooperative market- 


ing of turkeys in the United States. To present a complete, well- 
rounded picture of the cooperative marketing of turkeys in the 
United States, including the early developments, present status and 
importance, types of associations, organizational set-up, operating 
methods and policies, trends, contributions, and accomplishments. 

a-1-7-4.—-Study of cooperative poultry hatcheries. To assemble, 
analyze, and publish information on the cooperative hatching of 
chicks and poults in the United States, including the development 
of cooperative hatcheries, current status, set-up, operating methods 
and policies, trends, accomplishments, and possibilities. 

a-1-7-5.—Feasibility of a central agency for egg and poultry co- 
operatives in the Northeastern States. To study the need for a cen- 
tral agency to serve the 60 poultry cooperatives in the Northeastern 
States, to examine the probable accomplishments, and to determine 
an acceptable type of central overhead agency suitable for the pur- 
poses intended. 

a-1-7-6.—Study of the feasibility of joint egg marketing by co- 
operatives in southern California. To assemble and analyze informa- 
tion relative to the duplication of the marketing activities of the 
several cooperative associations in the southern California markets, 
to determine the effects of this duplication, and to develop a joint or 
coordinated marketing plan which would lower the marketing costs 
between the producer and the consumer. 
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B-2. CURRENT SERVICE PROJECTS 


Feasibility of State Brand Creameries, Inc. (Lowa), engaging in 
egg marketing. —To study the present agencies and methods of mar- 
keting eggs in north central lowa, to determine the probable con- 
tribution to improved marketing of the creamery federation, and, 
if feasible, to develop a = of operation for the marketing of eggs. 

Simplification of grading, record-keeping, and producer payment 
practices.—To study and analyze present practices of grading eggs 
among egg-marketing cooperatives, keeping records of individual 
producer grades and sizes, payment according to grades, and to devise 
and develop methods of simplifying, short-cutting, and of otherwise 
reducing the labor, time, and cost of paying producers according to 
egg wantity and size. 

Survey of egg-marketing operations of G. L. F. Cooperative, Inc. 
(New York) .—As requested by the association, to make a study of its 
egg-handling and marketing operations for the purposes of determin- 
ing ways and means of increasing the efficiency and effectiveness of 
these operations. 

Attitudes of the Del-Mar-Va broiler producers toward broiler co- 
operatives.—To determine (1) the reactions of broiler producers of 
the Del-Mar-Va peninsula toward past attempts at cooperative broiler 
processing and marketing, (2) the causes for discontinuance of co- 
operative efforts, and (3) the attitudes toward and possibilities of 
future cooperative efforts. 


B-3. CURRENT EDUCATIONAL WORK 


Work is being done continuously to acquire, analyze, and disseminate 
historical, economic, and statistical information regarding the organ- 
ization, progress, methods, and policies of cooperative associations 
which handle poultry products. Among the methods used for dis- 
seminating the information for educational purposes are: (1) The 
preparation and revision of educational publications, (2) prepara- 
tion of summaries of research projects and other educational articles 
for the News for Farmer Cooperatives and farm and trade journals, 
and (3) participation in coniteaentiee dealing with the organization, 
operation, and problems of egg, poultry, and turkey cooperatives 
when called by producers, cooperatives, State college and State de- 
partment of agriculture officials, extension workers, and others. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Shortly after the establishment of the Office of Markets in 1913, 
attention was given to developments in the cooperative marketing of 
eggs. The first work was with egg circles and with the midwestern 
cooperative creameries which handled eggs. Farmers’ Bulletin No. 
656, entitled “The Community Egg Circle” was issued in 1915 by the 
Office of Markets and Rural Organization. Later, studies were made 
in the general field of the cooperative marketing of poultry products. 
One of the first publications in this field, entitled “Cooperative 
Marketing of Eggs and Poultry” was issued in June 1925 by the 
Bureau of Agricultural Economics. 
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A number of case studies were made of eggs and poultry coopera- 
tives. Reports on the studies were published as bulletins and circulars 
or as confidential reports to the boards of directors of associations 
requesting the studies, Special service projects dealing with specific 
problems of cooperatives in the poultry field were carried out. Special! 
reports were issued on these service projects. 

Several studies have been made in attempts to consolidate or to 
merge local associations or to combine their sales or other operations. 
As early as 1929 a study was made to determine the feasibility of joint 
sales effort or of a federation to market turkeys from the many smal] 
turkey pools in the Northwest. 

A number of studies have been made for cooperative dairy and other 
associations to determine the feasibility of their handling eggs and 
poultry. 

Emphasis has been given to promoting the knowledge of cooperative 
principles and practices and in working with cooperative associations, 
marketing agencies, and educational agencies in disseminating such 
knowledge. 

Much of the early effort was directed at the sound organization and 
over-all operation of cooperatives. ‘The later work was directed at 
special problems of individual associations, chiefly in response to 
requests for assistance, and at problems affecting a number of coopera- 
tives 1n an area, 


D. FUNDS—-ANNUAL EXPENDITURES 


Since 1937, when this project was established, the annual expendi- 
tures for the work have ranged from $15,000 to about $53,000 a year. 


For 1949-50 the allotment for this project, including research, service, 
and educational work, was approximately $53,000, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of cooperatives.—Since the beginning 
of the work, assistance has been extended to producers who wish to 
form cooperatives, This assistance consists of one or all of the follow- 
ing: (1) The making of economic surveys to determine the need for 
cooperatives and the possibilities of success, (2) determination of the 
type of organization best suited to the production and marketing con- 
ditions, (3) the development of a plan of organization, (4) assistance 
in the preparation of the articles, bylaws, and other organization 
papers, (5) guidance in the initial operations, and (6) counsel on 
later operating and other problems. Organizational work has usually 
been conducted in cooperation with officials of the State colleges of 
agriculture, State departments of agriculture, the Extension Service, 
and others. 

Examples of large cooperatives assisted in organization are the 
Norbest Turkey Growers Association, Inc., Salt Lake City, Utah, and 
Eastern Poultry Cooperative, Inc., Wilmington, Del. Many smaller 
cooperatives were assisted in organizing. In many instances, as « 
result of surveys, groups of producers were discouraged from organ- 
izing because of a lack of need for a cooperative or because the success 
of a cooperative appeared improbable. 
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Currently, there are some 1,400 farmer cooperatives handling poul- 
try products. There are approximately 140 specialized poultry mar- 
keting cooperatives which serve some 131,000 members whose equities 
in their cooperatives were approximately $39,726,000 in 1949. 
Assistance in making legal and operating changes.—There have been 
: frequent requests for business analysis studies of cooperative associa- 
tions to determine ways and means of increasing efficiency and effec- 
tiveness. Such studies are followed by on-the-ground suggestions and 
recommendations to managers and boards of directors. Examples of 
associations which have been helped to make changes in their organ- 
izational set-up or methods of operation are: The Utah Poultry and 
Farmers Cooperative, Salt Lake City, Utah; Brockton Cooperative 
Poultry Producers, Inc., Avon, Mass.; and the Rockingham Poultry 
| Marketing Cooperative, Inc., Broadway, Va. 
, Assistance in merging and in organizing sales federations —A num- 
ber of studies have been made upon requests of cooperatives, State 
| experiment stations, and others, to help increase the effectiveness of 
F cooperatives through mergers, joint sales efforts, and the setting up of 
federations for sales and other purposes. While all of the studies 
have not resulted in accomplishing the objectives sought, a number of 
them have been productive of results. Among the cooperatives and 
groups of cooperatives for which such studies were made are the 
' following: Pacific Egg Producers Cooperative, New York, N. Y.; 
» Norbest Turkey Growers Association, Salt Lake City, Utah; egg-mar- 
| _ keting cooperatives in Connecticut; and Division of Cooperatives of 
Northeastern Poultry Producers Council, Trenton, N. J. 

Other types of assistance.—Various other types of assistance have 
been given to cooperative associations and to agencies and organizations 
which work with farmer cooperatives. Two examples of these are: 
(1) A study of the lay-out and operations of cooperative poultry 

dressing plants with plans and suggestions for improved operations 
(FCA Miscellaneous Re port 101), and (2) a study now under way to 
reduce the costs of handling eggs by cooperatives on a grade basis by 
simplification of handling operations and record-keeping methods, 























F. SOME ADDITION AL WORK NEEDED 






Types of cooperative marketing associations best adapted to farm 
» flock areas-—A very small percentage of the eggs and poultry mar- 
keted in the north central, southeastern, and other farm flock areas 
is marketed cooperatively although the great bulk of these products 
is produced in these areas. Several types of cooperative associations 
have been developed which are satisfactory for the production and 
marketing conditions of the specialized poultry producers of the West 
and Northeast, but study is necessary to discover and to improve co- 
operatives which are suited to the marketing of eggs and poultry from 
the millions of small farm flocks. Improved marketing agencies and 
outlets would encourage the production and marketing of higher 
quality eggs and poultry which in return would result in increased 
consumption of these products. 
_ Costs of operating.—More information is needed on the costs of the 
individual operations in (1) egg marketing such as assembling, can- 
(ling, cartoning, and distribution, and (2) in poultry processing and 
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marketing such as shrinkage, dressing, packing, and selling. As pace- 
setting agencies, by assisting cooperative associations to increase 
efficiency, the entire field may be beneficially affected for producers, 
handlers, and consumers. 
Development of coordinated processing and marketing operations.— 
Most of the 1,400 or more cooperative associations which handle 
oultry products operate independently of each other. There is need 
or additional studies to determine the feasibility of more coordi. 
nated operation, especially among the many small handlers, for im- 
provement in quality control, joint use of facilities, and combination 
of volumes to meet certain market demands. 


DETERMINING Meruops or Repucine Poutrry anp Eaea HAnp.iine, 
Processtnc, AND Marketing Costs sy STupyiInc THE OPERATIONS 
AND UTILIZING THE FACILITIES OF PRODUCER COOPERATIVES 


(FCA—RM: ec 546—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purposes of the project are (1) to determine the costs of om 
essing poultry in selected dressing plants by an analysis of facilities, 
plant and equipment lay-outs, and operating methods and policies for 
the purpose of increasing efficiency and to give application to the 
findings by working with cooperative associations in the operation of 
pilot poultry-dressing plants; and (2) to obtain accurate costs on 
individual egg-handling operations of selected cooperative associations 
for the determination of (a) average range and differences in costs, 
(6) factors affecting costs, and (c) new lay-outs, methods, and tech- 


niques for reducing the handling, processing, and marketing costs and 
eventually producer-consumer margins. The Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering cooperated in the engineering 
aspects of this project. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c 546-1—Determining methods of reducing poultry and egg 
handling, processing, and marketing costs by studying the operations 
and utilizing the facilities of producer cooperatives. ‘To study the lay- 
outs, operations, and costs of 15 large plants and 48 small plants; to 
check the findings and to develop new methods and techniques in 
poultry handling and marketing through the use of experimental 
pilot poultry-dressing plants. To determine the costs of individual! 
handling, processing, and marketing operations for eggs and, after 
determining the factors which affect costs, to devise ways and means 
of lowering these costs by means of pilot plants in which the most 
efficient operations will be synthesized to set up and operate a mode! 
plant. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The dressing of poultry in large plants is a recent and rapidly 
growing development. Little study has been given to poultry-dressing 
plants and little helpful information has been available to this rap- 
idly expanding industry. The result has been the use of poorly 
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adapted and operated plants. The equipment used and the lay-outs 
have not been scientifically planned for either efficiency or sanitation. 
There has been a need for information on poultry-dressing costs, 
factors affecting these costs, and methods of lowering costs, as well 
as information relative to processing equipment and methods which 
will preserve the original quality of the product. A study was made 
by Farm Credit Administration in 1946 (FCA Miscellaneous Report 
101) relative to lay-out and operations of poultry-dressing plants, 
chiefly from the engineering standpoint. There was a need for a com- 
plementary study to relate the engineering aspects to such economic 
aspects as costs, efficiency, and suitability of plant and operations to 
different production and marketing conditions. 

The spread between the producer price and the consumer price for 
eggs has been considered too wide. A considerable part of the pro- 
ducer-consumer price spread is due to the costs of handling and proe- 
essing eggs at country plants. A method of lowering the price spread 
is to make more efficient the operations at the country plants by the 
accumulation and dissemination of information and data helpful to 
the operators. In order to determine costs, the factors affecting costs, 
and ways and means of lowering the costs, 25 cooperative egg-handling 
plants in 12 States are under study. An analysis of the cost and other 
data from these plants will provide information for use in making the 
country-plant operations more efficient. Further effort to increase 
plant are will be by means of experimental pilot plant operation, 
utilizing the findings of the study and building upon these findings. 











D. FUNDS-—-ANNUAL EXPENDITURES 


The annual expenditures for this project have ranged from $7,000 
to $17,000. The 1949-50 allotment was $17,000. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
Costs of operations of 15 large cooperative poultry-dressing 
plants.—Detailed cost information has been obtained for the first time 
relative to the costs of dressing poultry and of factors influencing the 
levels of these costs. This information, in addition to furnishing 
an over-all description of the plants as a group in terms of plant type, 
size, utilization, and investment, gives in detail the general overhead 
and direct overhead costs and direct costs on a per-unit and percentage 
basis. The direct costs are broken down into shrinkage, handling, 
direct labor, materials, and selling costs. Comparison with these 
costs as standards enable operators to compare their costs and to de- 
termine cost factors which may be modified. 

Plans and operations of farm and small commercial poultry-dress- 
ing plants.—The information made available in the report of 25 farm 
and 23 small commercial plants will be helpful in improving efficiency 
of operation of the present plants as to plant lay-out, equipment, and 
standards of operation and in the setting up and successful operation 
of additional small plants. The large number of farm and small com- 
mercial poultry-dressing plants dress a large portion of the poultry 
produced. Any increase in the operating efficiency and marketing 
effectiveness of these small plants is likely to result in increased 
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consumption in the areas of production with the result that changes 
in the volume of production will affect the terminal markets to a 
lesser degree. 

F. SOME ADDITIONAL WORK NEEDED 


More effective methods of merchandising poultry products ar 
needed.—A study of merchandising methods should be made to pro- 
mote progressive and effective methods in organizations and areas not 
yet studied and in lowering the marketing costs of the processei 
product. Few important and widely nooipied changes have been mace 
in the methods of merchandising eggs and poultry during recent 
years. In individual instances outstanding accomplishments have been 
made which increased consumption by new and carefully planned 
methods. 

Time and motion studies of individual handling and processing 
operations should be made to determine the possibilities of reducing 
the labor and other requirements. After broad differences in cosis 
have been determined, by means of such studies, refinement may be 
possible in the elements of handling, processing, and other opera- 
tions. This is a logical follow-up of the determination of costs and 
factors affecting costs. 


Marketing MernHops anp Disrrinution or Pouutrry Propucts 
(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The objective of this work is to improve marketing methods and dis- 
tribution of poultry products by providing information regarding 
existing and new marketing methods and practices, laws, packages, 
facilities, processing techniques, and consumer acceptance. This in- 
formation is used as a basis for developing container, facility, and 
sanitary standards as well as for improved marketing practices, 
uniform regulations, and consumer programs, 

The current work is designed to develop recommended standards 
for packages and packs of poultry and egg products; to analyze the 
results of marketing research on poultry products; and to aid in 
preparing useful information for educational agencies and for dis- 
semination to producers, processors, distributors, and consumers 
through circulars, bulletins, and other media. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Recommended standards are being developed for poultry packs and 
packages and a bulletin is being prepared on marketing farm poultry. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The early work dealt principally with storage and transportation 
tests on poultry and egg products and the preparation of farmers’ 
bulletins, circulars, and pamphlets which reported the results of 
these investigations. Several bulletins were prepared on the market- 
ing of poultry and eggs. In later years more emphasis was placed 
on packaging and transportation to help reduce losses and conserve 
quality. 
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D. FUNDS—-ANNUAL EXPENDITURES 


With relatively minor fluctuations, an average of about $6,500 has 
been expended for this activity annually since 1947. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Transportation tests resulted in the development of a new filler, 
flat, and egg case which, when generally adopted, will help to reduce 
egg breakage and economic losses. Use of the case, fillers, and flats 
would effect an average estimated saving of approximately $48 or more 
a carload, which could amount to $10,000,000 a year, assuming that 
this case and packaging materia] will be adopted as standard in the 
near future. These new packaging materials were developed on the 
basis of laboratory, transportation, and storage tests conducted in 
cooperation with the Forest Products Laboratory and other govern- 
mental and private agencies. The work resulted in a recommended 
change in the dimensions of the standard 30-dozen-egg case, flat, and 
filler to accommodate properly the larger eggs being shipped today 
and thus reduce breakage and loss in transit. 

Storage and laboratory tests of a new 5-ounce aluminum foil and 
pliofilm laminated bag for dried eggs showed that it performed almost 
as well as metal and better than other types of similar containers 
previously in use. Similar tests on a 50-pound multiwall kraft paper 
and polyethylene laminated bag performed better than other bulk 
containers used. These packages require less space in shipment and 
protect the quality of the product by retention of flavor and less 
moisture pick-up. 

The educational work done and visual aids developed on transpor- 
tation and handling of eggs have helped reduce the loss of shell eggs 
in transit. 

Recommended specifications for standard packs and packages for 
dried, frozen, and shell eqqs have been developed. 


F. SOME ADDITIONAL WORK NEEDED 


Further research work should be done in the field of poultry and 
egg processing, packaging, transportation, and storage, in order to 
develop improved methods of marketing poultry and egg products. 
Such work should result in providing a more wholesome, better quality 
product, the quality of which could be retained more effectively in 
marketing channels. Consumers, producers, and processors would 
benefit by such improvement. 


INCREASING EFFIcteNcy IN Marketrine Eogs ann MaAInrAInine Tuer 
(JUALITY 
(PMA—-OES—RM: c-76—Federal-State—RMA Funds) 
(A considerable part of the work under project RM: c—76 has been planned in 
a coordinated way to expand the scope of RM: b-198, page 439) 
A. PURPOSE AND NATURE OF CURRENT WORK 
To increase the efficiency of egg marketing and reduce deterioration 
of eggs during marketing, so as to bring larger returns to producers 
and increase the proportion of high-quality eggs available to con- 


78552—51—-vol. 1-28 
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sumers. Current work is designed to measure the quality losses in 
marketing eggs, to determine practical methods for producers and 
handlers to follow in avoidin quality losses, to analyze opportunities 
for reducing costs as applied to (1) the country collection of eges, 

(2) the operation of small country buying plants, (3) the operations 
of large concentration plants, (4) the wee inn cf of eggs, and (5) the 
movement of eggs between these points; and to develop the background 
for quality and grade standards for frozen eggs and egg products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-76-1—The effect of producer practices upon quality of egys 
and the relationship of various marketing practices to quality changes. 
To determine the effect of practices of producers and first receivers 
upon physical damage and quality losses and to develop methods for 
minimizing such losses. 

RM: c-/6-2—Determining the causes of physical and quality 
damage to eggs in packaging, processing, shipping, and storing. To 
determine the extent and nature of physical damage and quality loss 
in eggs during storage and while transported long distances and 
handled under commercial conditions. 

RM: c-76-3—A study of selected methods of marketing eggs in 
Michigan and an analysis of the costs involved. ‘To determine—for 
selected marketing channels—costs, margins, methods of collecting, 
grading, processing, packaging, shipping, and storing, and to develop 
ways to improve the marketing of eggs. 

RM: c-76-4—Development of improved methods of egg procure- 
ment. To determine the effect of egg procurement methods upon thie 
quality of eggs marketed and establish means of reducing quality 
losses and of lowering costs . 

RM: c-76-5—Economie analysis of egg grading programs in In- 
diana. ‘To determine the influence on produc er returns and practices 
of selling eggs on a graded versus an ungraded basis, and to deter 
mine the ] potential market for eggs of various grades sold from farms. 

RM: c-76-7—Determination of the extent and causes of egg loss 
and quality deterioration between producers and consumers in Wash- 
ington and the effect of this loss upon producer returns. ‘To measure 
the amount of loss in egg quality between producers and consumers; 
to interpret this loss into economic cost to producer and to the market- 
ing process, and to develop means to reduce such losses. 

RM: c-76-8—Analysis of costs and efficiency in the assembly and 

sale of eggs. To analyze factors affecting the cost of operating farm 
truck routes, country buying stations and central egg plants, ‘and to 
develop suggestions for reducing costs. 

RM: c-76-9—Analysis of quality i in frozen egg products and deter- 
mination of the factors in processing and handling which affect quality. 
To determine the most desirable factors to use in evaluating the qualit V 
of frozen egg products, and to correlate the effect of processing and 
handling methods with the quality and market value of the products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Previous studies of egg quality have been directed largely at pro- 
ducer practices and have ‘employ ed facts limited mostly to laborator y 
results. Therefore this project was planned to describe the actual 
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nature and extent of egg quality losses that take place between pro- 
ducers and first receivers and between first receivers and major as- 
sembling plants. Later emphasis has been shifted to other segments 
of the egg marketing channel, including retail stores. Wide varia- 
tions in the level of quality and changes in quality have called for 
research to explain the differences and to develop means for minimiz- 
ing losses. Though research may suggest what can be done to reduce 
losses, it has been necessary also to determine what practices are eco- 
nomically justified. This has called not only for research on costs 
but also for attempts to evaluate more accurately the factors used in 
measuring egg quality. The regional nature and the complexity of 
the problem have made it desirable to coordinate the work with related 
regional work under RM: b-198. In conducting the work under this 
project, 14 cooperative arrangements have been effected with 11 State 
experiment stations. 


D. FUNDS—ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 


PMA Experiment Total 
stations 


Fe Be ees cnsccencccs a 2 i $41, 000 $41, 000 


Fiscal year 1040. ................-.. , oes | 98, 000 | $3, 000 | 101, 000 
Se ah tin go bales nae ccderccnpbcamihs ate nswen | 70, 000 | 13, 200 | 83, 200 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


It was demonstrated through studies carried on under this project 
that there is ample opportunity to improve the quality of eggs mar- 
keted by the ee and to reduce deterioration in later stages of 


marketing. or example, it was found that one-third of the eggs 
delivered by producers in the Midwest were below A quality; and in 
addition, one egg out of each eight declined to a lower grade between 
the first buyer and the carlot assembler who represents the second step 
inmarketing. This information is being distributed to producers and 
tradesmen, together with suggestions for maintaining egg quality at 
high levels. Effective use of the findings should, in course of time, 
result in a general improvement in quality of eggs marketed, so that 
higher returns can be reflected back to the producer while the con- 
sumer gets a more adequate supply of top-quality eggs. Where eggs 
were bought on a graded basis, it was found that producers delivered 
10 percent more A quality eggs and fewer dirty eggs than where pur- 
chases were made on an ungraded basis. The effects of time, tempera- 
ture, and other factors on egg quality were measured. The quality loss 
for eggs averaging 2 days in the marketing channel, was estimated at 
1.66 percent of the value of the eggs—$28 per 100 cases at 1948 prices. 
Che time involved in marketing is considerably greater than 2 days 
and total cost consequently would be greater. It is in reducing such 
costs that the findings will be helpful. The Michigan study revealed 
that, for each 100 eggs that were grade A on the farm, 91 remained in 
this grade at the country station, 79 at the wholesale plant, and 59 at 
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the retail store. The work in the State of Washington also provided 
facts on egg quality losses and on likes and dislikes of consumers. 
Work in Iowa provided facts to evaluate the influence of various pro- 
ducer and marketing practices upon quality. Analysis of country 
truck route operations revealed that the number of cases of eggs as- 
sembled per mile varied from a low of 0.28 to 1.87, and cases assembled 
per hour of labor from 2.8 to 18.8. Work is now under way to explain 
these variations as a basis for making recommendations to improve 
the efficiency and reduce costs of assembling eggs. An analysis of 
eggs graded in the Middle West and again at coastal destination points, 
along with records obtained through the Federal Grading Service, 
revealed factors which must be considered to reduce eg losses and 
improve the grading of eggs. The background material gathered 
under this project, describing actual conditions, i is Serving as a basis 
for research in areas most likely to be productive in developing means 
of improving egg marketing. 


F. SOME ADDITIONAL WORK NEEDED 


More work is needed to determine egg quality changes from the 
point of carlot shipment to the level of wholesale distribution. Ad- 
ditional information must be obtained on costs of marketing through- 
out the marketing channel. This is needed to develop standards for 
measuring efficiency and guiding changes. Economic analysis also 
is necessary to answer questions as to the economic feasibility of 
adopting such practices as graded buying instead of ungrading buy- 
ing, refrigerated instead of ‘nonrefr igerated holding of eggs, ete. An 
important phase of work that must be undertaken more extensively 
is determining improved criteria for the grading of eggs and egg 
products. 


Improvinc Eaa-Processtinc Factnitres AND PRACTICES 
(PMA—RM : 7—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve and to reduce the costs of processing, grading, handling, 
and storage of eggs so as to provide higher quality products, thus 
broadening market outlets. Present work is aimed at improving 
accuracy and reducing costs in candling eggs, developing better 
methods of maintaining r high quality during storage, destroying harm- 
ful bacteria in egg products, and developing more efficient methods 
of cleaning dirty eggs. These studies will be the basis for recom- 
mendations to industry for improvement in equipment and practices 
and for improving the quality requirements under egg purchasing 


and inspection programs of the Government. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c-77-1—Improving egg-grading methods and_ equipment. 
Considerable variation occurs in the grading of eggs by different 
candlers. The accuracy of grading is ‘being met prghs to determine 
the degree of variations and the causes of it, so that changes in 
methods and equipment may be made in the patenest of greater accu- 
racy, uniformity, and economy. 
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RM: c-?7-2—Improving the shell treating of eggs to retain initial 
quality. Better maintenance of the qu: lity of eggs in cold storage 
is being sought through improvements in processing methods de- 
signed to retard deterioration. Work in this project centers on the 
thermostabilization process, in which heated oil is applied to shell 
eggs for a short period, forming a seal that slows the loss of moisture, 
retards the thinning of the white, and maintains the quality. Dif- 
ferent temperatures and times of application of heat are being com- 
pared to lear n the most effective methods. 

RM: c-i7-3—Elimination of Salmonella types of bacteria from 
eggs and egg ‘products. Methods of eliminating Salmonella types of 
food poisoning bacteria, sometimes found in frozen or dried eggs, are 
being sought. Various temperatures and lengths of time of pasteuri- 
zation are : being tested to see which type of treatment is most effective 
without damaging the eggs. 

RM: e—-77-4+—Washing dirty-shell eggs. Machines now in commer- 

cial use for washing dirty eggs are being tested to learn which types 
are most effective and efficient. The sanitary qualities of eggs was shed 
by different methods are being compared, including their bacterial 
counts and the rate of deterioration in storage of eggs after washing, 
to determine which equipment and methods are most effective in 
maintaining quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The rapid development of methods of handling eggs in large vol- 
ume has outstripped the development of methods of maintaining 
quality, resulting in numerous problems i in grading, processing, and 
storing eggs and. egg products. The obvious need for more accurate 
grading and better maintenance of wholesomeness and quality led to 
the inauguration of this work. Individual lines of work were selected 
on the basis either of the greatest need or of the greatest prospect for 
solving important problems. These studies are so new that there has 
been no change in their general direction. Part of this work has 
been conducted through cooperative arrangements with a State ex- 
periment station, two processors, and a trade association, 


D. JINDS—ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 1948, 
$18,100; 1949, $36,800; 1950, $46,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Treatment improves keeping quality of eggs.—Research on the shell 
treating of eggs demonstrated that superior keeping quality in cold 
storage was accomplished by heating shell eggs in oil for 16 minutes 
at 130° to 136° F. (the thermost: ibiliz: ation process). Eggs so treated, 
all of U.S. Grade A, were stored for 8 months, and then graded again. 
[t was demonstrated that this process resulted in an average of about 
55 percent grade A eggs after the storage period, compared with only 
1.7 percent ‘for untreated eggs and 42 percent for eggs treated by the 
widely used cold oiling process. The cost of the new process was 
found to be quite low. “It was observed, however, that the whipping 
quality of the egg white was injured materially by the heating process. 
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Incidence of bacteria reduced.—The pasteurization of whole eggs 
showed that the incidence of Salmonella types of bacteria was mark- 
edly reduced by holding the liquid at 140° F. for 2 minutes. Such) 
treatment did not kill all of these bacteria and research is being con- 
tinued to determine the exact time necessary to accomplish complete 
killing. 

Effect of washing dirty eggs is measured.—Commercial egg-washing 
machines were evaluated as to efficiency of washing, cost of operation, 
and bacterial removal. Even though the various machines employe: 
different methods, the end results were quite similar. 

Eggs removed from cold storage after 2 months showed that the 
decline in quality of dirty eggs was about five times that in clean 
eggs. No significant difference was noted between the decline in 
quality on dirty eggs that had been washed and in dirty eggs that 
had not been washed. 


F. SOME ADDITIONAL WORK NEEDED 


Studies are needed of pasteurization of liquid whole egg for longer 
times to accomplish complete killing of Salmonella, and this work 
should include studies on egg yolk, egg white, and blended products. 
The effect of oil viscosity and temperature of application on the keep- 
ing quality of shell eggs should be studied. The accuracy of auto- 
matic shell-egg candling equipment and reasons for inaccurate gra‘ 
ing should be determined. The effect of using washed dirty eggs 
upon the sanitary quality of frozen eggs should be studied to deter- 
mine the possible advantage of keeping the frozen product from dirty 
eggs separate from the product from clean eggs. 

See also No. RM-a-401, chapter 3. 


Imprrovinc Pouttrry MARKETING AND PROCESSING 
(PMA—RM: c-397—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To promote greater use of poultry and reduce marketing costs 
through improvements in marketing and processing facilities and 
practices that will increase efficiency, reduce losses, and maintain 
quality. ‘The current work seeks to (1) determine the extent and 
causes of changes taking place in the pattern of poultry marketing 
and in the poultry-processing industry, (2) develop new and improved 
equipment and methods for dressing and packaging poultry, (5 
improve dressing plant sanitation, and (4) develop information « 
effects of changes upon the economic aspects of marketing. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-397-2—Effects of dressing practices upon the quality of 
poultry and poultry products. To (1) determine the effect of im- 
proved sanitation and improved techniques upon losses and decrease 
in quality experienced in the dressing of poultry, (2) study the use of 
chlorinated water to kill bacteria upon the surface of dressed poultry 
and upon equipment, and (3) promote better plant sanitation and 
produce poultry of better keeping quality. 
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RM: c-397-4—Analysis of live poultry marketing problems in 
New York City, Chicago, and selected secondary markets. To (1) de- 
termine the extent and causes of changes which are taking place in 
the marketing of poultry, (2) determine sources and nature of supply 
and outlets used, and (3) analyze the services performed and their 
cost, including losses due to quality changes. 


C. HISTORY AND EVOLUTION OF THIS WORK 


There has been an increase in the proportion of poultry processed 
in producing areas. This change has been accompanied by the de- 
velopment of specialized poultry products, such as cut-up poultry, 
separate parts, etc., new processing and merchandising techniques, 
and new packaging methods. Little information is available regard- 
ing the technological and economic problems involved in this change. 
It was to meet these needs that this project was started in late 1949. 
Work is being carried on in cooperation with the New York and 
Illinois State experiment stations. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 1949, 
$4,700; 1950, $22,500. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A study of the duck industry in Long Island indicated a market 
for ducks in 18 different States, but the city of New York provides 
the most important outlet. A study in Syracuse indicated the possi- 
bility of expanding consumer use of ducks in that market and per- 
haps others. The study showed that on the basis of the amount 
of edible lean meat, ducks are unfavorably priced in relation to other 
important kinds of poultry, which should be helpful to the industry 
in planning its operations. Time and travel studies in processing 
plants revealed wide variations in the efficiency of labor use and 
pointed out the desirability of doing more work with mechanical 
equipment; such adjustments already are being made. Preliminary 
results of the studies of the New York and Chicago markets showed 
that sources of supply and types of poultry have changed greatly in 
recent years. In 1937, the proportion of total poultry arriving alive 
in Chicago was 66 percent; in 1949, 36 percent. In New York, the 
comparable percentages were 42 and 29, respectively. These and 
other basic findings will form the basis for guiding industry action. 
Work in these two markets is giving consideration also to price history 
and to the adequacy of price quotations. Studies of the losses caused 
by marketing practices and the costs involved are pointing out prob- 
lems which need attention on a regional basis. A study in dressing 
plants has shown ways to reduce the bacterial population of dressed 
poultry. It was shown (1) that the contamination of the surface of 
dressed birds increased with each handling and decreased with each 
washing; (2) that the application of heavily chlorinated water in the 
washing of birds and cleaning of equipment, reduced bacterial num- 
bers at each point of contact; and (3) that odors in the plant were 
markedly reduced through the use of chlorinated water. These results 
point to the production of a more sanitary product and one of better 
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keeping quality in the unfrozen condition, with less loss from deteriora- 
tion and better consumer acceptance. 


F. SOME ADDITIONAL WORK NEEDED 


Work should be done on (1) effects of various methods of cooling 
dressed poultry upon quality, absorption of moisture, storage life 
in both the frozen and unfrozen states, and the sanitary quality of 
the carcass; (2) protective packaging to prevent freezer burn, prevent 
moisture loss, and correct the difficulty with odor in poultry pre- 
packaged for retail sale; (3) effects of high scalding temperatures 
upon the keeping quality of dressed birds, “the effici iency of picking, 
and the general quality of the products; (4) effects of various types 
of dressing machines, and their adjustments, on the loss and damaye 
encountered in commercial poultry dressing; and (5) the relative 
merits of poultry dressed with and without Gove rnment supervision. 
Following the work under way in the two major markets in the 
country, it will be desirable to make similar studies in other important 
markets. ‘To date, attention has been given largely to live poultry, 
and the study should be expanded to give incre: ised consideration to 
the growing importance of dressed poultry. Research is needed on 
costs of doing the job of processing and marketing poultry, so that 
standards of efficiency may be de veloped. as guides to changes in han- 
dling this product between producers and consumers. 


EstTrMaATION or INTERIOR Ecg Quauiry in THE INTACT HeEN’s Ece 
IN Revation TO Grave STANDARDS 


(BAI, BPISAE—RM: a-521—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To study methods of determining loss in quality of intact shell eggs, 
such as ¢ andling and high- frequency ‘aciiation, and to ae more 


objective grade ‘standards by the use of mechanical methods of meas- 
urement. “Current work is directed toward determining the sources of 
error in present methods of candling and the relationship of changes 
in the mucin of egg white to changes in candling appearance and in- 
terior quality. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-521-1—Development of egg candling and automatic egg 
grading equipment. To study methods of determining loss in quality 
of intact shell eggs and to develop and perfect equipment to grade eggs 
automatically. 

RM: a—521-2— Evaluation of materials, methods, and environment 
as related to estimation of shell egg quality by candling. 

RM: a-521-3—A study of the properties of the mucin of egg 
albumen in relation to determination of the quality of shell eggs. 
To determine what changes in egg-white mucin are responsible for 
the loss in viscosity, or stiffness, that occurs in : aging of egg white. 
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C. HISTORY AND EVOLUTION OF THIS WORK 













On recommendation of the Poultry Industry Advisory Committee, 
this work was begun during the fise al year 19% 50 because of continuing 
losses suffered by poultry produce rs under existing practices. Much 
| time was necessary to devise, procure, assemble, and install apparatus 
to make many of the tests. Experiments, therefore, are still in their 
preliminary stages, 


D. FUNDS—-AN NUAL EXPENDITURES 


Expenditures during fiscal year 1950 were $34,500. 












E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
This project has developed no outstanding ac ‘omplishme nt as yet. 
) However, mechanical apparatus has been devised for measuring color 
© in egg shell and egg yolk. It is now possible to deseribe color in 
numerical terms and to eliminate, if desired, this variable factor in 
future experiments on candling. 













F. SOME ADDITIONAL WORK NEEDED 




















Es Determination of light-transmitting properties and other charac- 
a te risties of eggs and the ir com pone) t parts. -Many tyes ot egg: 
< candlers with different kinds of light are in use, and a number o 


rf 
devices have been developed in the hope of determining the quality of 
eggs by exposing them to high- frequency radiation. The present 
unsatisf ictory state of this subject is due to the scarcity of inform: 
tion as to how the different components of eggs transmit light and 
other radiation and how transmission is affected by changes that occur 
in the aging of eggs. Much research is needed on this subje 

Standardization of ea isting candling quipme nt.—Pend ling the out- 
come of the foregoing research, which may be a long-time project, re- 
® search is needed to establish the best design and construction of the 
candling device, the best light intensity, and the most suitable spec- 
tral characteristics of the candling light, and to develop a standardized 
candling procedure that would be generally acceptable. 













DrVELOPMENT OF STANDARDS AND GRADES FOR Poutrry Propucrs 










(PMA—Federal— Marketing Farm Products Funds) 












A. PURPOSE AND NATURE OF CURRENT WORK 








To provide producers with expanded outlets and larger returns for 

: poo products; to promote greater understanding and acceptance 
of and satisfaction with these ‘products, by developing and promul- 
gating standards and grades on a practical basis and securing their 
wide acceptance and use. To promote practical and effective quality 
conservation methods, uniform identification with respect to quality 
and weight, and uniform interpretation and application of standards 
and grades by providing better educational materials for dissemina- 
tion throughout the industry, from producer to consumer. 







B 
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The current work is particularly concerned with the development 
of regulations, standards, and grades for frozen- and dried-egg prod- 
ucts and for domestic rabbits, and the preparation of educational 
materials for use in informing the industry, from producer to con- 
sumer, regarding poultry and egg standards and grades and grading 
and inspection programs and regulations. Slides, charts, posters, 
circulars, and bulletins are being developed for use in this connection. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


1. Educational materials—(a) Development of color slides and 
charts illustrating poultry standards, to aid in correct application of 
the standards. (b) Preparation of charts on poultry standards, 
grades, and grade labeling directed toward education of consumers. 
(c) Preparation of consumer circulars on poultry standardization and 
inspection. (d) Preparation of a chart to illustrate the broken-out 
appearance of shell eggs of various qualities as established in the 
United States Standards for Quality for Individual Shell Eggs. 
(e) Preparation of a manual for egg grading and marketing schools. 

2. Development of standards and grades and regulations for frozen- 
and dried-egg products. 

3. Development of revised regulations, standards, and grades for 
dressed and ready-to-cook domestic rabbits, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the development of standards and grades for shell eggs 
began in 1925 and has continued since. During this 25-year period 


the standards were revised several times and the grade names also 
changed to make them more understandable and meaningful to con- 
sumers. The grades were issued as “tentative” and, in 1948 when 
they were last revised, were issued as “official” grades of the Depart- 
ment. The use of the United States grades was slow at first, but there 
has been a steady trend toward greater use of these standards and 
grades by the various States, trading exchanges, and members of the 
industry. This trend has effected considerable uniformity in egg 
grading and labeling within the industry. 

Poultry-standardization work has been carried on for about 20 
years. Grades for various kinds and classes of poultry were set up 
independently and at different times. It was not until 1944 that 
standards were developed for eviscerated poultry. Then on January 
1, 1950, completely revised grades and standards for all kinds and 
classes of live, dressed, and ready-to-cook poultry and regulations 
governing grading and inspection for wholesomeness became effective. 
While the use of the United States standards and grades and inspec- 
tion service for poultry has not been extensive as in the case of 
shell eggs, the trend in recent years has been toward greater use. 


D. FUNDS--ANNUAL EXPENDITURES 


During the period 1925-45, the annual rate of expenditure averaged 
about $5.500. During this period little or no work has been done on 
the development of grades and standards for frozen- and dried-egg 
products, specifications for poultry and egg containers, and programs 
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for acquainting consumers with the use of United States grades and 
standards for eggs and poultry. As the work expanded along these 
lines, funds were increased to $36,200 in 1947. Additional increases 
primarily for increased pay and other costs have been made since. 
In 1950, $50,510 was allotted to this work. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 











Educational materials.—As a result of the educational materials 
which were developed and given wide distribution much greater 
interest was displayed by consumers, producers, and distributors in 
the quality of shell eggs and in Federal-State grading programs. The 
volume of shell eggs that were officially graded has increased con- 
siderably in recent years. From 1941 to 1948 the number of shell 
eggs graded increased from 5 million to slightly over 15 million cases. 
In many areas where effective grading programs have developed at 
the producer and first receiver levels the prices farmers received for 
ggs were advanced from 3 to 5 cents per dozen, as a result of market- 
ng on a graded basis. Uniform State egg laws have developed and 
heir enforcement has been made more effective by the educational 
material, 

Some of the educational material that has been developed and dis- 
seminated is listed as follows: 

: (1) A color chart illustrating the minimum standards of quality 
for shell eggs was prepared and 200,000 copies were distributed to 
persons interested in egg grading, 

(2) A series of color slides on shell egg grading was developed and 
prepared in sets of 16 slides and 192 sets were distributed to various 
F agencies and individuals for use in educational work on egg grading. 

3) A chart entitled “Know the Eggs You Buy” was developed 
» and approximately 500,000 copies distributed. This chart was di- 
» rected toward consumers and it proved quite helpful in informing 
consumers regarding standards of quality, weight classes, and egg 
grading and labeling. 

Standardization.—The standards and grades for dressed and ready- 
| to-cook poultry and the regulations governing the inspection and 
grading of poultry and domestic rabbits were revised. The revised 
program provides for expanded grading service and standards for 
sanitation in poultry processing operation. 
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F. SOME ADDITIONAL WORK NEEDED 


Additional work is needed for the development of more effective 
educational material on standards and grades for poultry and eggs. 
An effective training program is needed for poultry graders and for 
qualifying laymen to inspect poultry for i disatinanene, Work is 
needed in the field of standardization of canned poultry products. 














Prick, SuppLy, AND ConsuMprTiON ANALYsIS oF Farm Propucrs 
(Poutrry anv Eces) 


(BAE—-A-2-7—Federal—Regular Funds) 


(A general summary statement for this project and related work 
sm Chapter 27, Prices and Income.) 
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A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
poultry and poultry products, and (2) make the results available to 
farmers, Government agencies, and the general public. 

=> g 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-4— Analysis of current situation and outlook for poultry and 
poultry products. To appraise the current and prospective economic 
position of poultry and poultry products; to carry on the statistical 
and analytical work necessary thereto and to make the results avail- 
able through regular publications and on special request to farmers, 
Government agencies, and the general public, The Poultry and Egy 
Situation is prepared under this line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27, Prices and Income.) The Poultry 
and Egg Situation has been published since 1937. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work on poultry and poultry products (all 
from regular budget) during the fiscal year 1950 amounted to about 
$11,200. 

E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Provided, through the commodity er ata a basis on which 
h 


local agricultural workers could advise their farmers.— Particular 
progress has been made in relating (a) changes in the egg-feed price 
ratio during the months when farmers are planning their baby-chi ck 
purchases to (/) changes in the numbers of young chickens raised in 
the following summer. From time to time, issues of the Poultry and 
Egg Situation have included special statistical supplements which 
pert ide the most detailed existing compilation of statistical data re- 

rarding the poultry and egg production in the United States. Earlier 
week under this project included contributions to Poultry Consump- 
tion and Consumer Preference for Poultry in New York City (19: sD), 
done in cooperation with the Emergency Relief Bureau of New York 
City; An Economic Survey of the Live Poultry Industry in New 
York City (1937), done in cooperation with the Agricultural Adjust- 
ment Administration; and a study on the demand for eggs, the re 
sults of which were presented at the Seventh World Poultry Congress 
in 1939. 

F. SOME ADDITIONAL WORK NEEDED 


A study of the basic factors in consumer demand for eggs and for 
poultry meat; the extent to which other commodities compete at retail 
for the consumers’ egg or poultry dollar; the extent to which the level 
of egg and poultry prices affect the quantities bought of those com- 
modities; the possible limits to average per capita consumption of 
those commodities. 

More intensive study of the factors determining the volume of ¢9) 
and poultry output; the extent to which prospective price and protit 
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factors affect production; the extent to which noneconomic factors 
influence adjustments; the role of the noncommercial egg-producing 
flock. 





INTERREGIONAL ComPeETITION IN AGRICULTURE (PoULTRY AND Ecos) 


a ee eS Se 


(BAE-SRF—2-115) 


(Related work in this project is discussed in Chapter 2, Dairy, and in Chapter 24, 
Economics of Production) 












A. PURPOSE AND NATURE OF CURRENT WORK 


To analyze the national and regional trends in the production of 
chickens and eggs, to account for the underlying causes for shifts 
between production areas, and to estimate probable future directions 
of adjustments. 


B. CURRENTLY ACTIVE LINE PROJECTS 


‘D> 


SRF—2-115—Interregional shifts in poultry production. 









C. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24, Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 


(See Chapter 24, Economics of Production.) 
















E. EXAMPLES OF ACCOMPLISHMENTS 

Work has not been finished on this line project. Preliminary 
results show that the phenomenal increases in the production of 
chicken meat and eggs during the last decade have been shared by 
all regions, but certain areas have expanded more than others. Al- 
though continuing advances in technology are available to poultry 
producers everywhere, differential regional adjustments appear to 
give definite production advantages to certain areas. 




















F. SOME ADDITIONAL RESEARCH NEEDED 


(See Chapter 24, Economics of Production.) 
MEASUREMENT or Costs AND MarGtIns IN Marketine Farm Propucrs— 
(Poutrry anp Eces) 

( BAE-OES—RM : c-163—-Federal-State—RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26, Economics of Marketing) 


A. PURFOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing poultry and eggs and 
to analyze factors affecting margins, thereby to provide the basis for 
Suggesting ways and means of bringing about more efficient and or- 
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derly marketing, and reducing the price spread between the producer 
and the consumer. 


B, CURRENTLY ACTIVE LINE PROJECTS 


RM: c—163.20—Egg marketing costs and margins in Honolulu. To 
study prices paid and received by handlers of eggs shipped from the 
continental United States to Honolulu markets, compared with prices 
paid and received by handlers of eggs produced within the Territory 
of Hawaii. Consideration was given to marketing channels and trade 
practices that influence the cost of distributing eggs in the Territory 
of Hawaii. 

RM: c-163.21—Costs and margins in marketing eggs from the Lake 
States. A study of marketing margins for eggs produced in the Lake 
State area and sold in eastern cities. 

RM: c-163.23—Costs and margins in marketing western turkeys. 
A study of costs and margins and handling practices followed by pro- 
ducers, processors, wholesalers, and retailers engaged in marketiny 
western-grown turkeys. 

RM: c-163.24—Broiler marketing costs and margins. A survey of 
retailing of live and dressed poultry in two Connecticut markets ce- 
veloped detailed information on physical in-puts and costs associated 
with poultry sales and margins received by retail stores. An Arkan- 
sas survey developed information concerning marketing channels for 
live broilers, trade practices, prices received by farmers, and the re!a- 
tionship of the farmer’s choice of market outlet to his prices received 
and specific trade practices governing the marketing of his product, 


C. HISTORY AND EVOLUTION OF THIS WORK 
The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and these specific lin 


projects were given high priority by the Poultry Advisory Committee. 


D. FUNDS—-ANNUAL EXPENDITURES 


The cost of RMA projects on costs and margins of marketing poul- 
try and eggs during fiscal year 1950 was $34,800. During the 14) 
fiscal year BAE expenditures of RMA funds totaled $16,200 anid 
during the 1948 fiscal year, $200. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The Connecticut study on broilers and the Wisconsin-Minnesota 
studies on marketing eggs brought out clearly the importance of 
volume as a factor in the cost of selling through retail and wholesale 
outlets. The Connecticut broiler study showed that the cost of retail- 
ing broilers could have been reduced by one-third, provided the volume 
were concentrated in fewer retail stores. The Arkansas broiler study 
showed that consumers in northern markets preferred a heavier type 
bird weighing from 3 to 4 pounds while those in southern markets 
wanted a bird weighing from 214 to 234 pounds. The information 
assembled on midwestern eggs showed that the costs of marketing 
increased materially as the number of agencies handling the products 
was increased, 
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F. SOME ADDITIONAL WORK NEEDED 


Development of more reliable information on the margins and costs 
of agencies engaged in the marketing of poultry and eggs—Specific 
attention needs to be given to research into the efficiency of perform- 

. ing specific marketing functions, and added work should be done to 
4 measure the extent to which management practices and policies are 
factors in influencing margins taken on eggs and poultry and on the 
cost of handling these commodities. 







REGIONAL MARKETING RESEARCH ON PovuLTRY AND Eaas 
(PMA-BAE-F 













‘A—RM: b-198—Federal-State—RMA Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 










To expand market outlets for poultry and eggs, and thereby in- 
erease returns to producers, through reducing marketing costs and 
improving the quality of the product ts rei wching consumers. The work 
under way is aimed at achieving these goals ‘by: (1) Analyzing the 
marketing practices and facilities and appraising their adequacy ; : 
(2) determining the demand for and utilization of poultry and eggs 
and investigating methods by which market demands may be better 
supplied and market outlets increased; (3) determining the costs 
of marketing and ways in which efficiencies can be ac -omplished eco- 
nomically; and (4) analyzing prices, pricing methods, price differ- 
ences, and price-making forces. 










B. CURRENTLY ACTIVE LINE PROJECTS 

























RM: b-198-1—F actors influencing the quality of eggs marketed 
in the Northeast. ‘To determine the quality of eggs being sold to 
consumers and the effects of handling practices of retailers on the 
quality of eggs sold. 

RM: b-198-2—Factors influenci ing the quality of poultry marketed 
in the western region. To determine marketing practices and sales 
outlets used by producers of poultry in Western States; to analyze 
factors affecting the supply of and demand for poultry, and consumer 
preferences. 

RM: b-198-3—-Ege marketing problems with special emphasis on 
the handling of seasonal surpluses. To discover and analyze the 
effect on marketing practices of seasonal variations in supply of eggs 
produced in the South so production or marketing methods, or both, 
aa be brought into better adjustment with consumer requirements. 

RM: b-198-4—Determining methods of reducing egg-handling costs 
by comparative studies. To measure the costs of operating selected 
egg assembling plants, to study the physical efficiency of various plant 
pr actices, and to develop methods and standards for reducing costs. 

RM: b-198-5—Pricing eggs on the Boston market. To study egg 
prices in the Boston market, the relationship of egg prices in Boston 
to those in supply areas and other markets, and to develop improve- 
ments in pricing practices that will promote the orderly flow of eggs 
through the market. 

RM: b-198-6—Marketing eggs in the Des Moines market. To 

| determine demand and pre eference for eggs among retailers in Des 
| Moines, merchandising practices, sources of supplies, and other fac- 


| — in which changes may be made to meet consumer requirements 
L etter, 
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RM: b-198-7—Improving egg marketing procedures in the North 
Central States. To describe the rel: ationship between producer prac 
tices and the quality of eggs marketed to the first receiver; to measure 
the efficiency in the operation of farm truck routes assembling eves, 
and cost of handling by the first receivers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work, started late in 1947, has served to bring research work 
ers together to plan and coordinate research efforts on egg and poultry 
marketing problems of regional significance. In all areas except the 
west coast, major consideration has been devoted to egg marketing: 
on the west coast, to marketing of poultry, including turkeys. Work 
first started at the producer level and later shifted to the retailing of 
eggs. Early work dealt with describing egg quality losses and fac- 
tors associated with such losses. More recently, emphasis is being 
given to determining feasible ways of reducing losses and costs of 
moving eggs from producers through the marketing channels. Sources 
of the products, seasonal variations of supply, and prices are analyzed. 
The regional approach has enabled more adequate planning and co- 
ordination of work. This regional work has been coordinated with 
work under project RM: c—76, page 425 of this chapter. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 


BAE ¢ PMA | Total 





WOUIE s. niinctuapeiliniticning: aetna $6, 000 | $14, $16, 000 $36, 500 
1949 . Ce eee 6, 500 16,6 20, 200 | 43, 300 
1950 : : 8, 000 | 22, 600 | 24, 000 | 54, 600 


(See report on regional research for expenditures by States.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The major causes of low quality in some of the eggs marketed 
were determined and their effects measured so that producers and 
the trade can act on the basis of the findings to maintain the original 
high quality. Wide variations in ee of eggs between farms were 
found to be associated with: (1) Times eggs were collected daily: 
(2) whether roosters were kept; (3) whether layers were confined; 
and (4) the temperature and humidity at which eggs were held. The 
studies revealed that, of the eggs delivered by producers to whole- 
salers in the Northeast, about 90 percent were of A quality or bet- 
ter; and of the eggs delivered by producers to all types of first buyers 
in the Middle W est, 65 to 70 percent were of A quality or bet- 
ter. Other findings also indicated parts of the marketing chan- 
nel in which improvements might be made. For example, in the 
Northeast, the greatest quality decline occurred between the first and 
second receiver. 

In the Middle West, the change in the quality of eggs between coun- 
try buying stations and the central plants amounted to a loss of $6 for 
shell damage and $22 for loss in interior egg quality per 100 cases of 
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eggs; and approximately 10 to 12 percent of the eggs were stained or 
dirty. 

In the Southern States, analysis of seasonal variations in production 
indicated the existence of deficits and surpluses for various periods 
of the year. Where eggs were purchased on a graded basis in the 
Middle West, the quality received from producers was approximately 
10 percent better than where eggs were purchased on a current-receipt 
basis. Prices also have been obtained, indicating the difference in 
prices paid by various outlets available to producers. <A study of 
consumers in the Des Moines market revealed higher per capita con- 
sumption in families where eggs were used for breakfast, and showed 
that young homemakers used eggs for breakfast less frequently than 
older homemakers. This indicated an avenue through which egg sales 
might be increased. 


F. SOME ADDITIONAL WORK NEEDED 


In the Middle West, additional information is needed on quality 
changes in eggs between carlot shippers and retail outlets. 
Work is being planned on this. Consideration must be given to im- 
proving the handling of the dirty eggs, which amount to approxi- 
mately 10 percent in the Middle West. More information is needed 
on variations in costs at the different levels of marketing, to appraise 
more adequately the possibility of increasing efficiency. Regional 
attention might well be given to measuring the influence of various 
methods of increasing egg consumption through promotional methods. 

(For work in cooperation with States on regional projects NCM-6, 
NCM-7, NEM-5, SM-6, WM-7, see ch. 39.) 


CROSS REFERENCES—-MARKETING 
See also: 


BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for servicing cur- 
rent requests. 

BPISAE—e-—3—4, Chapter 30, layout, equipment, and operation of poultry proc 
essing plants. 

‘CA—a-1—t, Chapter 1, livestock cooperatives. 

sSAE—RM : c—205, and a—2-16, Chapter 26, marketing practices 

}3DI-PMA-BAI—-OES—RM: c—457, Chapter 1, prepackaging af animal and poul- 
try products. 

BPISAE—RM: c-217, Chapter 36, improved processing facilities. 

CEA—Commodity Exchange Act, Chapter 35. 

EXT—RM: c—-95, Chapter 37, marketing education on poultry and eggs. 

EXT—RM : c-96, Chapter 37, consumer education on eggs. 

EX T—RM: c-98, Chapter 37, marketing education on poultry and eggs. 

FCA—RM: c-83, Chapter 1, processing meat products in frozen food locker 
plants, ete. 

PMA-FCA—RM: c-75, Chapter 36, improved market facilities, ete. 

PMA—RM: c—106, Chapter 36, improving distribution methods and practices. 

PMA-BAE—RM: c-133, Chapter 34, grading and inspection of poultry and 
eggs. 

PMA—RM : c-167, Chapter 19, shell egg transportation. 

PMA-RM : c—-430, 431, 432, Chapter 36, marketing service programs. 

PMA—F reight rates for farm products, Chapter 19. 

PMA—Market inspection of dairy and poultry products, Chapter 34. 

PMA—Obtaining adequate marketing, storage, and transportation facilities, 
Chapter 36, 

Chapter 32 for reports on crops and livestock estimates. 

Chapter 33 for commodity market news service. 
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WOOL AND MOHAIR—SHEEP AND GOATS 
Chapter 4—Part II 


ForEworD 


For the purpose of this report, “Wool and Mohair-—Sheep and 
Goats” covers activities of the Department relative to sheep and goats, 
fur and farm fur animals, and the products of these animals. 

Included in this chapter are reports on activities dealing with the 
breeding, feeding, and management of sheep, goats, and fur animals; 
their protection from diseases and parasites ; the handling and process- 
ing of their products; the development of new and improved prac- 
tices for the use of these animals’ products; and the problems of 
marketing and distributing these Giadidhacte. 


At the end of each of the production, utilization, and marketing 
sections of this chapter are cross-references to functional or cross- 
commodity lines of work pertaining directly or indirectly to wool and 
mohair, sheep and goats. 
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A. PRODUCTION 


INVESTIGATIONS OF Woor AND OruerR ANIMAL Firners 
(BAI-—b-2-6—I’ederal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the physical structure and related properties of wool 
and other animal fibers, and the influence of breeding, feeding, and 
management on the growth, quality, and manufacturing properties of 
such fibers. Studies of wool, mohair, and many other fibers used 
commercially in the manufacture of such products as pillows, mat- 
tresses, and upholstery are made in the current work, and analysis 
of fleeces is conducted to determine fineness, length of staple, crimp, 
luster, color, structure, and other properties affecting their value for 
manufacturing use. Special study is being made of the effect of 
breeding and fe eding on animals that furnished the fibers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2--6— Studies of the physical structure and related properties 
of wool and other animal fibers. To reveal distinguishing characteris- 
tics of animal fibers as a basis for their identifications with respect to 
the genus of animal from which they were obtained. 

b-2-6-7—Studies of the influence of breeding on the quality of 
unimal fibers. To determine the type of breeding that will result in 
the production of the best quality of animal fibers. 

b2-6-8—Studies of the influence of nutrition on the quality of 
animal fibers. To determine feeding methods best suited for the pro- 
duction of high-quality animal fibers. 

bR-6—9 De ‘ve lopn ent of methods of determining physical values 
n animal fibe rs. To develo yp means of dete ‘rmining the strue ture, di- 
ameter, length, strength, elasticity, and felting and spinning proper- 

les of animal fibers. 

b-2-6-10—Studies of the manufacturing properties of animal! fibers. 
lo determine the effect of breeding, feeding, management, and en 

vironment on the manufacturing properties of animal fibers. 

b-2-6-11—Prenatal and postnatal growth of wool and hair. To 
determine (1) the sequence of growth development in wool and fur 
aber (2) early development of the follicle (the depression from 
— h the fiber grows): and (38) changes in skin thickness and fiber 
aqdensity, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Until the close of the nineteenth century, wool was the primary 
reason for the existence of the sheep industry. But since that time 
the market value of lambs for meat has increased until financial re- 
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turns for them now are more than for wool. This competition of lamb 
and wool since the early 1900’s increased the need for improvement in 
fleece weights and qualities most desired by wool manufacturers. To 
help sheep growers obtain full benefits from their wool, this research 
project was begun by the Bureau in 1913. Since 1925 the program 
has been conducted in cooperation with other Federal agencies, and, 
until recent years, with several agricultural experiment ‘stations and 
some industrial concerns. Improved breeding and management h: ave 
increased fleece weights in the United States ‘from an avet ‘age of 2 to 
about 8 pounds per sheep. 


D. FUNDS—ANNUAL EXPENDITURES 


With wool and other animal fiber investigations financed from funds 
covering work on several lines of research with sheep and goats, esti- 
mates in early years are difficult to obtain. Direct expenditures for all 
sheep and goat husbandry investigations varied from $80,000 in 1923 
to about $84,700 in 1934 and averaged slightly over $88 000 annually 
During this period there were expenditures for three projects (main- 
tenance of station at Beltsville and fundamental research on animal 
genetics and nutrition) for which no basis for distribution is avail- 
able now. The average expenditure for these three projects from 
1923 to 1934 was about $92,000 annually. The direct costs for research 
on wool and other animal fibers varied from about $24,000 in 1935 to 
about $27,000 in 1943. Emergency funds were made available in 19-44 
for research on the use of feathers for sleeping bags for the Armed 
Forces. Expenditures for this research were about $7,500. Expendi- 
tures from regular funds have ranged from about $26,000 in 1944 to 
$36,400 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of new devices that make possible more exact knoirl- 
edge of the characteristics of many important fibers.—These instru- 
ments, invented originally to seek more precise knowledge of wool, 
have proved valuable also to industries working with cotton, mohair, 
bristles, fur, paper, leather, cork, silk, ramie, and dyes. They permit 
quick, accurate determination of such qualities as fineness, shape, 
and length of fibers, and distribution of pigment. They greatly aid 
in selecting suitable fibers for industrial purposes, help breeders of 
animals and plants that yield natural fibers, and manufacturers of 
synthetic fibers. Six of these — ices were patented for public service. 
Cost of their development was $5,000 but their value to the textile and 
other industries is estimated at $4,000,000 annually—not ineluding 
their value as an aid to laboratories dealing in crime detection. 

Interpretation of fineness and variability of wool speeded by neu 
‘echnique.—As compared with former methods, a much larger num- 
her of samples may be analyzed by this method, which consists of short 
cuts in analysis of photomicrographs, or projected images, of the 
cross sections of the fibers. Analysis is speeded up from 5 to 10 times 
and makes quick cataloging practical by wool growers who are mak- 
ing effective use of this ‘method to judge results of selective br eeding. 

Development of an improved method for revealing surface struc- 
tures of fur fibers through the use of thermoplastic film makes it 
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possible to obtain quick impressions efficiently. Such analyses are use- 
ful in the wool-growing industry, where growers constantly seek fiber 
improvement, especially for felting purposes. 

alvage vj soft part of chicken feathers is made possible by a new 
technique of removing the quills from the feathers. The feather-fiber 
material obtained by this process has excellent heat-retaining proper- 
ties, increases the supply of material used in fabrics that may include 
short fibers blended with long ones, is used for pillows, and is suitable 
commercially as an “extender” of down and waterfowl feathers. Dur- 
ing World War II research on this problem was performed for the 
Armed Forces and results were applied extensively in such equipment 


us sleeping bags. 
F. SOME ADDITIONAL WORK NEEDED 


Improvement of wool and hair for greater usefulness in textiles and 
other animal fiber products—There is urgent need for research on 
the “handle” or “feel” of wool and hair to reveal variations in the 
responses of human touch to certain of these fibers. Upon the identi- 
fication of certain fibers having excellent “handle” qualities there is 
need of further search for the production factors in genetics, nutri- 
tion, and environment that contribute to the excellence of these fibers. 

Determination of nutritional and environmental causes of weak or 
defective wools or hairs is particularly needed by producers of animal 
fibers to assist them in reducing to a minimum the growth of unwanted 
fibers and to aid them in so managing the animals as to produce a 
maximum of strong and more useful fibers. 

Discovery of critical stages in the development of fibers on unborn 
or suckling animals should provide the foundation for better feeding 
and management of the dams at these stages, thereby obtaining fibers 
of greatest usefulness from the offspring. 

Microscopic examination of details of the structure of wool fibers, 
the technique of which has been developed, should be carried further 
in application to produce proper types of fibers of greatest use in 
making fabrics and other wool products. 


Four Fiser anp Fur 
(BAI—b-S4—- Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To ascertain the properties of furs of ranch-raised animals, includ- 
ing rabbits, relative to their bearing on the ultimate use by consumers. 
Current work is directed toward the establishment of objective 
measurements of quality and the physical characteristics of the fur 
fibers and skins. Studies also are in progress on factors affecting the 
growth of furs and fibers to produce high-quality skins. 


B. CURRENTLY ACTIVE LINE PROJECTS 
b-8-4-1—Development of standards for determining pelt quality. 


To conduct research on pelts and to establish objective criteria for 
determining their qualities. 
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b-S4-2—Angora rabbit wool. To analyze the microscopic fea- 
tures of “Angora ‘abbit wool and to relate these findings to mill 
requirements as well as to home use. 

b-84-3—Development of methods of fur investigation. To study 
the physical characteristics of fur and wool, such as ‘fiber composition, 
color, and luster as related to quality st andards. 

b-8S-4-5—Molting in domestic rabbits. To study the environ- 
mental factors (feed, season, climate, and age) and the hereditary 
factors affecting the shedding and the accelerating and retarding of 
the growth of fibers and to determine the relationship of shedding to 
new fur growth. 

b-8S4+6—Effects of artificial lighting on the earliness of obtaining 
prime pelts and on the quality of “pelts. To determine the dates for, 
and the length of time to use, artificial lights on fur animals to pro- 
duce prime pelts earlier in the season. 
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C. HISTORY AND EVOLUTION OF THIS WORK 

Color and quality of furs materially affect their market value and 
determine toa large extent the income of fur farmers. To aid farmers 
in constantly raising the quality of skins, the Bureau’s fur-animal 
research has included studies of the factors affecting these attributes 
since the initiation of this project in the Bureau of Biological Survey 
of the Department in 1938. Considerable emphasis was first placed 
on pattern and curl of skins from Karakul sheep. This entire project 
was closed out in 1949. Asa result of early research, techniques were 
developed for studying hair structure and the size and distribution 
of guard hairs and underfur of various types of skins. During World 
War IT, because bristles formerly imported for use in paint brushes 
were no longer obtainable, the suitability of certain fur animal fibers 
for this purpose was investigated. In recent years, microscopic study 
of the woolly characters of rabbits was made and an extensive study 
of Angora rabbit-wool production was conducted. The development 
of the pigment of fur fibers, as well as the shedding and new-growth 
pattern of the fur of foxes and minks, have received the latest em- 
phasis. Currently, studies also are being made on the Pacific coast 
of the molting pattern of both Angora and short-haired rabbits. In 
1939 all activities of the Bureau of Biological Survey, including fur- 
animal investigations, were transferred to the Department of the In- 
terior. In 1946 this research was returned to the Department of 
Agriculture. 
D. FUNDS—ANNUAL EXPENDITURES 







Expenditures for this project since its transfer to the Bureau of 
Animal Industry have been as follows: 


PisCel FORE Tet on nc $18, 000 | Fiscal year 1949___...-______ $10, 000 
Wiseal your: T9522 20, 000 | Fiscal year 1950___.._.______ 10, 300 



















Ek. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 








Determination that a greater proportion of grade No. 1 wool is 
produced from Angora rabbits if the animals are plucked at the time 
of molt four times a year than if they are clipped or sheered at those 
times. or if their wool is harvested by any of these methods every 10 
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weeks. This finding enables the Angora rabbit breeder to take advan- 
tage of the harvesting method that will yield the greatest profits. 

stablishment of a method for e liminating undesirable woolly char- 
acteristics of fur in meat-type rabbits through selective mating. 
Microscopie examination and comparison of the size and diameters 
of cross sections of guard hairs of rabbits indicate clearly the animals 
having woolly fur, which makes the pelts unsuitable for some types of 
commercial use. Such animals can be thus eliminated for use in 
selective matings. 

Discovery that grades of fryer-rabbit skins are affected very little by 
climate, season when taken, sex of animal, or grade of carcass. It was 
found that age of the animal has the gr eatest effect on quality of rabbit- 
skin. Prices received for domestic skins often determine whether or 
not domestic rabbit production is profitable. 

Determination of the molting and fur-growth pattern of adult 
minks and foxes. It is now possible by reference to this established 
pattern to determine whether the fur of these animals is developing 
properly. Animals with slow and retarded fur growth can then be 
placed on more nutritional diets to promote the required rate of 
development. 


F. SOME ADDITIONAL WORK NEEDED 


New methods for determining and designating color and luster of 
pelts——Since color and luster are intrinsic features of fur quality, 
reliable measurements of these characteristics would be of great value 
in judging and grading furs. 

tdditional studies relating to effects of season on the fineness of 
Angora rabbit wool——Fundamental research on the arrangement of 
fibers in the skin follicles may prove to be a working tool in the selective 
breeding of Angora rabbits. The spinning quality of the wool is tied 
up in some way with the number of guard hairs and intermediate 
guard hairs present and this relationship should be investigated. 

Molting and new-fur-growth pattern in Angora and meat and fur 

rabbits. The quantity of Angora rabbit wool is materially reduced by 

retarded wool growth, and unprime skins from young rabbits killed 
for meat are unsuitable for use in the fur trade because of shedding 
marks and are largely sold to the hat industry at comparatively low 
prices. A method of eliminating these undesirable traits from the 
skins will add materially to- the income of rabbit growers. 

Large-scale investigation of the influence of controlled artificial 
lighting on the time of obtaining prime skins and color and growth 
of fur is needed. Small experiments, with limited facilities, have 
indicated promising results and adequate research might well develop 
important aids to fur improvement. 


SHEEP- SREEDING INVESTIGATIONS 
(BAI—b—2-1—-F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


1) To determine the ability of sheep to produce efficiently high- 
qui ality lamb meat, wool, and fur in the various regions of the United 
States; (2) to locate individuals, families, strains, types, and breeds 
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most efficient for this purpose; (3) to determine the genetic principles 
that. form the basis for improvement, and to introduce the application 
of these principles into the sheep-breeding industry of the United 
States. Garrat work on western ranges is directed toward improve- 
ment of white-face types of sheep, and in the north-central and eastern 
parts of the Nation, of the dark-faced, mutton types. Crosses of these 
sheep are being tested for better lamb and wool production. Atten- 
tion is also being given to the development of strains of sheep that 
will meet the needs of farm regions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-1-1—Selective mating and line breeding of Colwnbia and 
Targhee sheep for developing strains suitable to the intermountain 
range region. ‘To develop and improve sheep of the white-face cross- 
bred type for efficient and profitable lamb and wool production on 
western ranges. 

b-2-1-2—Selective mating and line breeding of Hampshire, Shrop- 
shire, and Southdown sheep for developing improved strains suitable 
to farming regions. To develop and improve sheep of the dark-face 
British mutton type for efficient and profitable lamb and wool pro- 
duction on farms. 

b-2-1-13—Crossbreeding purebred sheep of the Hampshire, Shrop- 
shire, and Southdown breeds. To determine the relative production 
of purebred Hampshire, Shropshire, and Southdown sheep and first 
crosses and three-way crosses derived from mating first-cross ewes 
with rams of the third crossbreed. 

b-2-1-14—-Development of strains of sheep for efficient lamb and 
wool production in the North Atlantic area. To develop fixed strains 
of sheep that will efficiently produce high-quality lamb meat and good 
wool in the North Atlantic area. 

b-2-1-15—Selective mating, line breeding, and crossbreeding 
Merino sheep. To determine the maximum production of lamb meat 
combined with the production of fine wool of highest quality that can 
be obtained from purebred Merino sheep as compared with the pro- 
duction of Merino ewes bred to rams of the Southdown, Shropshire, 
and Hampshire breeds. 


C. HISTORY AND EVOLUTION OF THIS WORK 


As the far West became more settled after pioneer days, and re- 
strictions on unlimited grazing areas forced sheep ranchers into more 
intensive methods of grazing, feeding, and care of their animals, new 
problems arose. Because of the need of western sheepmen for new 
breeds that would produce more meat and wool for a growing market, 
range-sheep investigations were begun by the Bureau in 1906 at 
Laramie, Wyo. To meet similar needs for improved sheep production 
on farms, such studies were begun in 1909 at Middlebury, Vt. In the 
range-sheep-breeding research conducted since 1918 at the United 
States sheep experiment station in Dubois, Idaho, emphasis has been 
placed on the modification of Rambouillet sheep and the creations of 
new breeds, such as Columbias and Targhees, that would more efli- 
ciently meet the needs of range-sheep producers. Beltsville research 
on farm sheep began in 1915, and first stress was placed on the produc- 
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tion of purebred strains for higher production through selective mat- 
ing and line breeding. Later, crossing of high-producing strains of 
various purebred lines was undertaken, and in some eases hybrid lines 
were interbred for the establishment of new strains. For many years 
the Bureau has conducted research on the factors affecting reproduc- 


tion of sheep, but special emphasis has been placed on this work since 
the mid-thirties. 


D. FUNDS—ANNUAL EXPENDITURES 


With sheep-breeding investigations financed from funds covering 
work on several lines of research with sheep and goats, estimates in 
early years are difficult to obtain. Direct expenditures for all sheep 
and goat husbandry investigations varied from about $80,000 in 1923 
to about $84,700 in 1934 and averaged slightly over $88,000 annually. 
During this period there were expenditures for three projects (main- 
tenance of station at Beltsville and fundamental research on animal 
genetics and nutrition) for which no basis for distribution is avail- 
able now. The average expenditure for these three projects from 
1923 to 1984 was about $92,000 annually. The direct costs for sheep- 
breeding investigations under this project varied from about $39,000 
in 1935 to about $51,000 in 1943. Expenditures for this project 
ranged from about $50,000 in 1944 to $85,600 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of the Columbia and Targhee breeds of sheep resulted 
directly from experimental work in the Bureau of Animal Industry. 
These fixed breeds are the product of the selective breeding of cross- 
bred strains of sheep best adapted to the intermountain range region, 
through the interbreeding of hybrids from breeds having both desir- 
able and undesirable characteristics for the preduction of lamb meat 
and wool in this important sheep-producing region. In these new 
breeds the desirable characteristics of the parent breeds have been 
preserved and the undesirable traits have largely been eliminated. 
Seed stocks from the Department’s flocks have been distributed to 
sheep producers, who have found them especially profitable in lamb 
and wool production. The Columbias are adapted to the rather 
abundant ranges, and the Targhees to range that is intermediate in 
availability of forage. 

Fixing types and crossing of fixed types of British breeds, such as 
Southdown, Shropshire, and Hampshire, resulting in superior types 
of sheep for lamb and wool production on the farm. Selective mating 
and line breeding of purebred registered sheep from leading flocks in 
America and Great Britain for about a quarter of a century to fix 
their excellence for meat and wool production, and then crossbreeding 
the ewes, resulted in lambs superior to purebred lambs in rate of gain, 
weight, finish at a given age, and weight of wool per fleece when they 
reached 1 year of age. Sheep farmers, like corn producers, thus ob- 
tain commercial advantages by crossbreeding strains that have been 
selected and fixed for productive characteristics. Many have adopted 
this practice. 

Creation of a strain of sheep for increased production of wool and 
lamb meat in the North Atlantic area—Through the combining of 
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the inheritance of the Columbia, Corriedale, and Southdown breeds, 
the new strain produces heavy fleeces of excellent quality wool at a 
year’s growth, and lambs that grow rapidly and finish readily in the 
feed lot. Production of this “type of sheep promises more profit 
through the weight of wool and lambs produced on grass than any 
of the other sheep tested by the Bureau in that region. 

Development of smooth-bodied Rambouillet sheep by selective 
breeding —The Bureau found that, for both lamb meat and wool, 
sheep of this type were more profitable than those with heavy folds. 
Asa result of these investigations range-sheep producers have changed 
to smoother type sheep. 

Finding a suitable type of sheep for Florida—Native Florida ewes 
mated with Columbia rams produced lambs that weighed 25 percent 
more at weaning than those from similar ewes bred to native rams. 
Moreover, the fleeces of the 1-year-old lamb with Columbia blood 
weighed twice as much as those of the other lambs. This finding in- 
dicates the advantage of the use of the Columbia sire for lamb and 
wool production in Florida. 

Production of desirable Karakul pelts from the crossing of purebred 
Karakul rams with native mutton breed of ewes —The Bureau found 
that pelts produced by crossbred lambs having three or four top crosses 
to purebred Karakul rams were similar in quality to those produced 
by the better purebred Karakul sheep available in the United States. 
This information is of especial value to breeders since importation 
of Karakul stock is prohibited from countries in which foot-and-mouth 
disease exists. 

Development of methods of evaluating semen, by the use of which 
rams of high fertility can be selected. Methods of staining sperma- 
tozoa so that the proportion of live and dead ones in any sample can 
be determined and the value of the ram as a potential sire can be 
rated, have been found. These methods are simple enough to be 
used by the sheepman. He is, therefore, able to recognize good and 
poor sires before the beginning of the breeding season and, ‘by selec- 
tion, to increase the lamb production of his floe 

Development and improvement of methods of diluting and storing 
semen have aided in extending the use of sires in artificial insemina- 
tion. Dilution of the product permits more ewes to be inseminated 
from the semen of one ram. For this purpose, egg-yolk-phosphate 
buffers and modifications of the formula have been extensiv ely studied. 
Improved methods of storing during shipment permits the semen to 
be transported long distances. 


F. SOME ADDITIONAL WORK NEEDED 


Development of fixed strains of a especially efficient in the 


combined production of high-quality and abundant quantity of wool 
and meat at relatively moderate costs for feed and labor, are essen- 
tial for future success in American sheep production. Highly effi- 
cient individuals appear occasionally, but the establishment of large 
strains of such highly efficient sheep is yet to be accomplished. 
Production of early lambs by out-of-season breeding needs study 
since such lambs would normally bring the highest prices on the mar- 
ket. In this study, a knowledge of the hormones involved in normal 
and induced heat in ewes must first be obtained in order to find 


jabs oop a cis hegeetace sé leans hs ieee ee a 





ls, 


ny 


ves 
nt 
ns. 
od 
in- 
nd 


red 
nd 
ses 
ced 
tes. 
ion 
uth 


ich 
na- 
can 

be 

be 
and 
lee- 


ing 
ina- 
ited 
1ate 
ied. 
n to 


the 
vool 
sen- 
effi- 


arge 


udy 
nar- 
rmal 


find 


1 
E 
t 
£ 





Sade ase 


tio 


Premees 


pee see cas 


ee 


errs 


een 


WOOL AND MOHAIR—SHEEP AND GOATS 453 


methods of insuring high fertility in the ewes and the production of 
normal, healthy lambs. 


Goat Breepine 
( BAI—b-2-4—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the ability of goats to produce high-quality milk 
efficiently in the various goat-producing regions of the United States; 
(2) to locate individuals, families, strains, breeds, and types of goats 
most efficient in milk production under various environments; (3) to 
determine the genetic principles that form the basis for improving 
production, and (4) to introduce the application of these principles 
into the goat-breeding industry. Current work includes studies on 
effects of line breeding on milk production, use of hormones to induce 
lactation, and determination of maximum milk production as affected 
by ages of does. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-4-2—-Selective mating and line breeding of Toggenburg goats 
to increase milk and butterfat production. ‘To determine the inherent 
‘apacity of certain Toggenburg goats to produce nutritious milk, and 
to select and line-breed the best producers to establish better strains. 

b-2-44—Use of hormones to induce lactation in milk goats. To 
identify female goats at the earliest possible age—even before their 
first breeding season—that have superior capacity for milk production. 


C. HISTORY AND EVOLUTION OF THIS WORK 


At the turn of the century, a few of the more progressive American 
goat breeders were beginning to realize that the industry needed im- 
provement in milk production of goats and an increase in commercial- 
size flocks, relatively few of which existed at that time. Introduction 
into the United States of some European strains presented possibilities 
for cross breeding with native stock to develop better milkers. When 
the Bureau of Animal Industry, in 1909, undertook to aid breeders 
in increasing goat-milk production through selective breeding, it 
selected Toggenburg and Saanen breeds and conducted its experiments 
with them until 1943. Since that year, all goats under study have 
been of the Toggenburg breed. ‘This breed comprises the largest 
number of meres milk goats in the United States. About a decade 
ago, special efforts were directed by Bureau goat specialists to increas- 
ing butterfat content without lowering milk production. This work 
is being actively continued, and careful consideration is given to the 


properties that make goat’s milk useful for infants and invalids who 
cannot use cow’s milk. 


D. FUNDS—-ANNUAL EXPENDITURES 


With goat-breeding investigations financed from funds covering 
work on several lines of research with sheep and goats, estimates in 
early years are difficult to obtain. Direct expenditures for all sheep 
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and goat husbandry investigations varied from about $80,000 in 1923 
to about $84,700 in 1934 ant averaged slightly over $88,000 annually. 
During this period there were expenditures for three projects (mainte- 
nance of station at Beltsville and fundamental research on animal 
genetics and nutrition) for which no basis for distribution is available 
now. ‘lhe average expenditure for these three projects from 1923 to 
1934 was about $92,000 annually. The direct costs for goat-breeding 
investigations varied from about $6,000 in 1935 to about $9,000 in 1943. 
Expenditures ranged from about $8,000 in 1944 to $12,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Definite improvement in quantity of milk produced per year and 
length “ lactation period.—In the grading-up work, in each genera- 
tion the best producing does were retained for Sa in succeed- 
ing generations. In the generation representing the fifth top-cross 
of purebred sires, the lactation period had been increased 145 percent 
and the annual milk yield 335 percent over those of the native Ameri- 
can does. Animals such as these greatly increase the profits of goat 
owners. 

Demonstration that progeny testing is a practical and effective 
means of selecting sires for their ability to transmit high milk-produc- 
tion to their daughters. Use of sire-breeding records and tests of 
their progeny enables goat breeders to raise more productive milk 
does and thereby to increase milk sales. 

Discovery that hermaphrodism (dual sex) in sheep can be controlled 
by the use of one horned parent in matings. During the last 5 years 
such matings have resulted in the absence of hermaphrodite kids. It 
has been found that hermaphrodism is transmitted as a recessive char- 
acter associated with the polled or hornless condition. 

Determination of ages at which milking does reach their maximum 
milk production.—A comparison of the records of does of different 
ages in the Department’s herd at Beltsville showed that the best ages 
for both milk production and length of lactation were between 4 and 6 
years, but that the change in length of lactation was not so great as 
that in milk production. These facts serve as a guide to the goat 
breeder in maintaining his herd at the most profitable status as far as 
the ages of the animals are concerned. 

Indication of the present impracticability of using hormones for 
stimulation of extra-seasonal breeding in goats.—Although this find- 
ing is negative, it enables milk-goat producers to avoid striving for a 
spread of the breeding season by the use of hormones that have already 
been found ineffective. 

Discovery that age of dam in milk goats influences number of 
young.—The tendency is for older dams to produce more kids. It 
was found that 2-year-old dams produce an average of 1.7 kids; while, 
at 7 years of age, the average is 2.1 kids. This Roding serves as an- 
other guide to the breeder as to how long to keep does in the flock. 


F. SOME ADDITIONAL WORK NEEDED 


Use of hormones to stimulate estrus (heat period) and lactation in 
goats.—Results thus far have been varying and inconclusive, but there 
seems to be promise of useful results when more is known about the 
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effects of hormones on reproduction in goats and other animals. An 
understanding of the response to be expected when hormones are 
applied to normal breeding animals is essential. 

Determination of the practicability of predicting a doe’s future 
inherent level of milk production before her first breeding. If such 
a pepeesnte can be evolved, it would permit early culling of poor 
milk producers by the breeder and reduce milk losses that now can 
be done only after the young doe is bred. It would also be of great 
help in a breeding program, for the strains producing the inherent 
poor milkers iain thus e determined. 

Value of crossbreeding for milk and butterfat production in goats.— 
Crossbreeding has been used to advantage in dairy cattle and other 
classes of livestock. Hybridization—using two and three breed 
crosses—in animals other than goats has resulted in increased per- 
sistence and volume of production. Investigation of the possible ad- 
vantages of goats, therefore, seems decidedly worth while. 


Breepine oF Fur AnriMALs, IncLtupine Domestic Rassrrs 


(BAI—b-8-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop practical methods of breeding (including artificial 
insemination) of recently domesticated foxes, minks, martens, and 
other farm-raised fur animals to increase litter size and the quality, 
density, and color of fur; (2) improve the ability of domestic rabbits 
to produce meat, fur, and wool; (3) develop superior strains of fur 
animals. Current emphasis is being placed on time and frequency of 
breeding, breeding for color changes, and selective mating to develop 
superior strains. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8—1—-1—To develop a strain of domestic rabbits that is superior for 
meat and fur production. 

b-8-1-2—Angora rabbit-wool production. To study the inherited 
ability of the animals to produce wool and to improve the quantity and 
quality of wool produced by selective breeding. 

b-8—1-4—-F ur improvement in minks and foxes. To determine the 
inheritance of various mutations, or changes, in color and physical 
characteristics, in order to develop breeding practices for eliminating 
undesirable traits and retaining and improving the desirable ones; to 
study all factors affecting quality of pelts. 

b-8-1-5—Superior strain of blue foxes. To develop a silvery strain 
of blue foxes by crossing blue and white foxes and making selective 
matings. 





C. HISTORY AND EVOLUTION OF THIS WORE 


Fur farming with wild animals was in its infancy when the United 
States Department of Agriculture began its first project in 1912. 
These new farmers encountered difficulties almost immediately in 
raising minks, martens, foxes, and other fur animals in captivity. 
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They sought help and, in 1916, to aid the young industry a research 
station was established at Keesville, N. Y., after exploratory investiga- 
tions had been conducted for several years by the Bureau of Biological 
Survey. In 1921, this station was moved to the present location, Sara- 
toga Springs, N. Y., where research on silver foxes, minks, martens, 
and rabbits was conducted. Pair matings of foxes was the common 
practice until about 1930, when methods for successful polygamous 
mating were developed through management and selective breeding. 
Later, research on fur-animal breeding was expanded by cooperative 
work with the Carnegie Institute of Washington at Johns Hopkins. 
Baltimore, Md., and still later by similar work at Swarthmore Col- 
lege, Swarthmore, Pa., under a grant from the Special Research Fund 
of the Department. Rabbit-breeding research was begun in 1927 when 
the United States Rabbit Experiment Station was established at Fon- 
tana, Calif., in cooperation with the rabbit breeders of that area and 
a private company. Emphasis was placed on selective matings to pro- 
duce a superior strain of rabbits for meat and fur, and on determining 
the proper age for breeding, when to breed after kindling (birth of 
litters) to obtain a large litter of healthy young that will grow well, 
and the effect of climate on breeding activities. Research on the 
breeding of blue foxes, martens, and minks was begun in 1937 at 
Petersburg, Alaska. The initial work involved the crossing of white 
and blue foxes to develop a more silvery blue fox and to fix these 
desirable characteristics. Attempts are also being made to develop 
a system of management to get martens to breed in captivity. In 
1939 all activities of the Bureau of Biological Survey, including fur- 
animal investigations, were transferred to the Department of the In- 
terior, but in 1946 they were returned to the Department of Agricul- 
ture. Research on minks and foxes was expanded in 1947 through 
cooperation with a North Central State where much of this country’s 
fur farming is concentrated. Special attention is being given to the 
inheritance of the various color mutations in minks and foxes, fur 
quality, and other inherited factors of economical importance. 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this project since its transfer to the Bureau of 
Animal Industry have been as follows: 


Fiscal year 1947_____- $18, 000 | Fiscal year 1949__..__________ $20, 000 
Fiscal year 1948__- 20, 000 | Fiscal year 1950 2 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Adoption by the entire mink industry of the practice of breedina 
minks later in the season (about March 10) with much more satisfac- 
tory results than with earlier breeding. This practice grew from re- 
search findings by the Bureau. 

Definite knowledge of the inheritance of numerous color mutations 
in minks and foxes, providing a basis for breeders to obtain the max:- 
mum number of animals of the most valuable types. 

Determination of the best time in the heat period to breed silver 
foves.—It was found that late in the second day of the heat period 
was the best time for highest percentage of pregnancies and the largest 
litters. Breeders are getting consistently better results from this 
procedure. 
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Development and perfecting of a technique for restraining does 
for mating and hand determination of pregnancy 14 days after breed- 
ing. Rabbits normally ovulate when bred and thus can ‘be bred at any 
time. By detecting nonpregnant does and rebreeding immediately, 
the maximum number of pounds of young rabbits can be produced 
annually. 

Determination that 73 percent of rabbit does, bred immediately after 
a false pregnancy period lasting up to 18 days, will become pregnant. 


This knowledge permits breeders to obtain a higher percentage of 
production from such animals. 


F. SOME ADDITIONAL WORK NEEDED 


Studies are needed on inheritance of quality of fur, desirable and 
harmful physical characteristics, and sal other factors as are instru- 
mental in developing superior furs. 

Testing the breeding ability of young female rabbits on various 
levels of feeding in order that production may begin as early as pos- 
sible and be carried on most economically. 

Practicability of colony methods of raising rabbits to reduce labor 
and cost of equipment, and to determine the value of grazing. 

Production of strains of rabbits superior in meat, fur, and wool and 
of superior strains of minks and foxes that will bring greater returns 
to breeders than those in use at present. 

Methods of obtaining better reproduction in martens—Only about 

15 percent of penned martens produce young. Intensive study should 
be made of management methods and of diets that will result in satis- 
factory reproduction of these scarce animals in captivity. 


SHEEP BREEDING AND Impr IVEMENT IN THE SouTHuWEST 
(BAI—-SRF-2-2—Federal-State—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop breeds and strains of sheep suitable to the physical and 
economic requirements of the southwestern ranges. Current work is 
aimed particularly toward the production of wools having properties 
highly satisfactory to producers, manufacturers, and other users of 
these wools. Although wool is the primary concern of these investi- 
gations, an effort is “being made also to develop, in the respective 
breeds and strains of she ‘ep, as good mutton conformation as possible 
while producing wools having the desired properties. In addition, 
work is under way to provide more efficient methods of selecting 
breeding animals and of making more rapid progress in breeding and 
improvement of sheep for southwestern “anges. 


B. CURRENTLY ACTIVE LINE PROJECTS 


SRF-2-2-2—Improvement of Navajo sheep by line-breeding ana 
selection in the Navajo strain. To improve the well-adapted but low- 
producing old-type Navajo sheep in quantity and quality of wool and 
lambs produced, and to fix desirable genetic characters that will in- 
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crease the usefullness of these sheep in the development of better 
breeds for southwestern ranges, 

SRE 2-2-5. lmprovement of Navajo sheep by crossbreeding and 
selection for the production of wool suitable for both hand and com- 
mercial methods of manufacture. To develop improved Navajo cross- 
bred strains of sheep, adapted to southwestern ranges, that will pro- 
duce wool having properties suitable to Indian handicraftsmen and 
commercial users of coarse wools, and increase net returns to sheepmen 
from the production of wool and lambs. 

SRF-2-2-6—Lmprovement of Navajo sheep by crossbreeding and 
selection for range production of wool and lambs. To develop im- 
proved Navajo crossbred strains of sheep, adapted to southwestern 
ranges, that will increase net returns to sheepmen from the production 
of apparel wools and feeder lambs. 

SRF-2-2-7—Development of an efficient method of selecting breed- 
ing animals used in the program of the Southwestern Range and 
Sheep Breeding Laboratory, Fort Wingate, N. Mex. To develop selec- 
tion indexes that will have the greatest value for measuring the genetic 
merit of sheep used in the experimental breeding program of the 
Southwestern Range and Sheep Breeding Laboratory. 

SRF-2-2-8—Studies of the adaptability, to southwestern ranges, of 
crossbred strains of sheep having different proportions of Navajo and 
improved blood. ‘To determine the percentage of inheritance from old- 
type Navajo sheep that is necessary, in improved Navajo crossbred 
strains, to maintain adequate adaptability to southwestern ranges, and 
to secure maximum lifetime production of wool and lambs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of breeds and strains of sheep adapted to southwestern 
ranges and to the economic requirements of the sheepmen was begun 
in 1935 in cooperation with the Bureau of Indian Affairs, Department 
of the Interior, and the Soil Conservation Service of the Department 
of Agriculture. The low productivity of sheep owned by the Navajo 
Indians and the marked decline in quality of Navajo hand-woven 
blankets and rugs focused attention on the need for research in sheep 
breeding and wool technology applicable in improving the Navajo 
sheep industry, which represented the main source of livelihood of 
60,000 Indians. The foundation flock of sheep purchased for the ex- 
perimental breeding work consisted of about 800 old-type Navajo ewes 
and 20 rams. Improvement of the Navajo sheep was directed along 
two lines, as follows: Selective matings within the Navaje strain and 
cross-breeding of old-type Navajo ewes with selected purebred rams 
of certain coarse-wooled breeds. Obtaining of basic information on 
the physical properties of wools suitable for Navajo hand methods of 
processing permitted accurate definition of the objective of the breed- 
ing work with respect to wool. Furthermore, improvements in labora- 
tory techniques for evaluating fleece and fiber characteristics of 
Navajo sheep made possible more accurate selection of desirable 
breeding animals. Development of breeds of sheep adapted to south- 
western ranges was expanded in 1949 to include work on development 
of a type of sheep that will produce better apparel wool. 
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Db. FUNDS—-ANNUAL EXPENDITURES 


Expenditures covering this work averaged about $9,800 from 1938 
to 1948. Expenditures were $13,200 for 1949 and $15,300 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Improvement in productiveness and quality of old-type Navajo 
sheep.—By means of selective matings of old-type Navajo ewes and 
rams maintained in the experimental flock, average fleece weight of 
breeding ewes has been increased about 50 ‘percent with a gain of 15 
percent in average body weight. The incidence of objectionable fibers 
in the fleeces of the Navajo sheep also has been sharply reduced, re- 
sulting in a marked improvement in quality of the wool for hand 
weaving. Desirable segregates with nonhairy or slightly hairy fleeces 
are now being obtained with greater frequency. Thus definite prog- 
ress is being made in the development of an improved pure strain 
of Navajo sheep. 

Improvement of Navajo sheep by crossbreeding.—Various crosses 
have been developed and are being integrated to produce new strains 
having inheritance of three- -eighths from the Nav ajo sheep and five- 
eighths from the improved coarse-wooled breeds. By crossbreeding 
and selective matings of the progeny, average fleece weights of ewes 
and rams have been increased about 100 percent and improvement 
in quality of the wool produced has greatly increased its market value 
as well as its usefulness for Navajo hand weaving. An increase of 
about 30 percent in body size of mature animals and considerable im- 
provement in mutton conformation of the Navajo crossbred sheep have 
been accomplished without appreciable loss of adaptability, fertility, 
and livability compared with full-blood Navajo sheep maintained in 
the same environment. 

Accuracy of selection improved.—Environmental influences often 
tend to obscure the true genetic merit of animals and thus complicate 
the problem of selection by sheepmen of those animals that have 
greatest breeding value. Accuracy of selection among weanling 
lambs is now aided by adjusting staple length of wool, body weight, 
and scores for body type and condition (degree of fatness) of lambs 
at weaning age for ‘effects of climatic, forage, and other known factors 
of environment. 


F. SOME ADDITIONAL WORK NEEDED 


Fixation of desirable characteristics in Navajo crossbred strains of 
sheep by line-breeding. Each of the improved Navajo crossbred 
strains of sheep that are now being developed must be line-bred for 
about eight sheep generations (a sheep g generation is about 314 years) 
to genetically fix desirable fleece and body characteristics of the sheep. 
At the same time intensive selection of the progeny should be made. 
To improve still further accuracy of selection and increase the rate 
of progress, selection indexes for yearling ewes and rams and mature 
breeding rams will be needed. 
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Determination of the nutritive value of edible range plants at dif- 
ferent seasons of the year.—The productivity of range sheep may be 
considerably reduced by deficiencies of the natural forage. In some 
areas of the Southwest, range grasses and other forage plants are 
known to be deficient in phosphorus and calcium. More information 
on the nutritive value of the various range plants consumed by sheep 
at different seasons of the year is needed in order to indicate the sup- 
plemental feeds that are necessary for a properly balanced diet and 
full production of wool and lambs. Chemical analyses of representa- 
tive samples of range forage collected at different seasons of the year 
would provide the information needed. 


Suerp BreepING AND IMPROVEMENT FOR WESTERN RANGES 
(BAI-SRF-3-6—Federal-State—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The main objective is to improve sheep for more efficient lamb and 
wool production on the range. The current work is concerned with 
improving the Rambouillet breed by selecting for sheep whose faces 
are as free as possible of wool, since a wool-covered face makes the 
animals wool-blind; to select for wrinkle-free bodies, longer wool 
staple, more uniform wool throughout the fleece, and improved flesh- 
ing qualities. Studies are also being conducted on line breeding, and 
the testing of lines for their combining ability with other lines, and 
the development of simple selection and breeding programs that will 
be practical for the commercial producer of rams for the range trade. 


B. CURRENTLY ACTIVE LINE PROJECTS 


SRF-3-6-(1)—Systems of breeding for locating strains of Ram- 
bouillet sheep possessing inherited qualities that will improve strains 
with which they are crossed. To develop inbred lines with emphasis 
on selection for usefulness. The useful qualities emphasized are meat- 
producing form, length of staple, faces free from wool, heavy, clean 
fleeces of uniform quality, and high lamb production. Inbred lines 
are then tested for combining ability in line crosses and top crosses. 

SRF-3-6-—(2)—Inheritance of various undesirable characteristics 
of Rambouillet sheep. To determine how various undesirable char- 
acteristics such as wool blindness, skin wrinkles, and hair in the fleece 
are inherited so that methods can be developed for eliminating those 
weaknesses from the breeding stock. 

SRF-3-6-(3)—Reproduction of Rambouillet sheep. To determine 
the relation of quality of semen to fertility, sexual maturity of ram 
lambs, and factors affecting fertility of ewes. 

SRF-3-6—(4)—Wool production of Rambouillet sheep. To study 
fiber uniformity within and between various regions of the fleece. 
Studies are also being made of uniformity of wool fibers and spinning 
qualities of various grade selections (sorts) of Rambouillet fleeces. — 

SRF-3-6—(7)—Methods of improving lamb production in range 
sheep. ‘To develop more efficient methods of selecting for high lamb 
production by determining the effects of environment, heritability, 
relationship to other important traits, and the subsequent incorpora- 
tion of lamb production in selection standards. 
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C., HISTORY AND EVOLUTION OF TITIS WORK 


Requests by western sheepmen for research to aid in improving 
range sheep for more lamb and wool production led to the allotment 
of special research funds in 1937 for this project. Work was begun 
in the Western Sheep Breeding Laboratory in the fall of 1937 at the 
United States Sheep Experiment Station, Dubois, Idaho, where Ram- 
bouillet sheep, grazing lands, and many other facilities were already 
available for operating the research program. Roughly, 1,200 breed- 
ing ewes have been involved in the project each year since its incep- 
tion. Each of the agricultural experiment stations of the 12 Western 
States which, with the Bureau of Animal Industr v; constitute the co- 
ordinating body of the Western Sheep Breeding Laboratory, agreed 
that the need for improving Rambouillet sheep—the basic breed of 
the western ranges—was a priority matter. Experiments have been 
essentially concerned with breeding off the excessive wool on the faces 
of the sheep which rendered them wool-blind, and breeding off the 
neck and body skin wrinkles, which were definite causes of skin injury 
during shearing and made the wounds vulnerable to flies and other 
insects. These wrinkles were a source of reduction in the selling price 
of the lambs, and the cause of disturbing variability in fleece quality. 
Research has also been directed toward produci ing a longer staple wool. 
thereby increasing the yield of clean scoured wool per sheep as well 
as the price, since ‘the long-fiber wool sells at a higher price per pound 
than shorter wools. Such wools would be of particular benefit to 
growers who shear twice a year. Increased staple length would also 
reduce the shrink in wool. 


Db. FUNDS —-ANNUAL EXPENDITURES 


Annual expenditures from the special research fund have ranged 
from slightly over $69,000 in the fiscal year 1937 when the project was 
established to about $70,000 in the fiscal year 1949. Average annual 
expenditures over this period have been about $60,000. Expenditures 
in the fiscal year 1950 were $76,500. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of more “open face” sheep—The Rambouillet ewes 
with open faces in the Department’s flock at Dubois, Idaho, average 
1114 pounds more lamb per year than the wool-blind ewes at no extra 
cost on the range. This improvement has broad application as there 
are at least 8,000,000 wool-blind ewes on the western ranges. The 
American Rambouillet Sheep Breeders Association now describes 
the ideal Rambouillet sheep as one with an “eye area free from wool 
to insure good vision at all times,” and the breeders are striving to 
conform to that ideal. 

Breeding of smoother bodied, wrinkle-free Rambouillet sheep.— 
About 90 percent of the Department’s Rambouillet flock is now free 
from skin wrinkle. The significant contribution lies in the elimination 
of price dockage for “heavy pelt” lambs. Roughly, 2 to 4 million 
or more lambs are subject to dockage each year, which varies from 
one-half to 2 cents per pound. Breeders of fine-wool sheep now rec- 
ognize the disadvantage of wrinkled bodies and pay premiums for 
rams that are free from wrinkles. 
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Increased length of staple in Rambouillet wool.—Length of staple 
of wool from the progeny of rams bred for long staple in the Ram- 
bouillet flock has been found to be as much as 15 percent greater than 
the staple length of the progeny of the stud rams in use in other Ram- 
bouillet flocks. Sheep producers purchase these long-staple surplus 
rams for use in their own flocks. 

Developing Rambouillet rams without horns—The “new” Ram- 
bouillet ram is also being developed, by the Department, without horns. 
The incidence of infection by flies and bodily injury is much less in 
polled, or hornless, rams than in horned rams. Moreover, horned rams 
cause more damage to fences and equipment and require more room for 
transportation or in sheds. Breeders now pay a considerable premium 
for rams without horns. 

Wool-shrinkage determinations.—Core-testing of wool for shrink- 
age has been found to be vastly superior to visual appraisal. For sev- 
eral years, the entire clip of the Western Sheep Breeding Laboratory 
was core-tested for shrinkage and results compared with final, actual 
shrinkage. The method, tried out on some 20,000 pounds of wool, 
proved far superior to the old system of “estimated” clean-wool con- 
tent. The outstanding accomplishment of this effort is the release from 
selling, by the “stone age” method of barter, the most expensive com- 
modity that it produced on our rams and ranges. Wool now sells 
for over $1.75 per pound on the clean-scoured basis. Millions of 
pounds of wool are now sold annually subject to the core-test values, 
which is directly bringing prices closer to actual value. 

Discovery of effective means of increasing lamb production. Studies 
on lifetime lamb production of more than 1,000 ewes on the range have 
shown that those having twins produce an average of about 40 pounds 
more lamb per year than ewes aetna singles and are, therefore, defi- 
nitely more profitable. Twin production was found to be heritable and 
ways of selecting more effectively for twinning have been developed. 
This study has also shown the culling of ewes on the basis of their 
first year’s lamb production is effective in increasing the productiv- 
ity of the flock immediately. 

Increasing effectiveness of selection. Methods have been developed 
to increase the effectiveness of selection of breeding stock for improv- 
ing range sheep. These involve allowances for effects of environment, 
heritable traits, and similar factors, to permit accurate judgment 
of their breeding qualities. 


F. SOME ADDITIONAL WORK NEEDED 


Establishment of strains that will breed true for complete freedom 
from wool covering on the face of sheep—Such an accomplishment 
would make it possible for American eee to profit by several 
million dollars each year through greater efficiency of lamb production 
on western ranges. 

Fixing of the polled or hornless characteristics in range Rambouillet 
rams to effect more economical production of sheep on western ranges. 
Although needed for defense against enemies in the animals’ wild 
state, horns on sheep today are decidedly more of a detriment than an 
advantage. It has been found that injuries and deaths due to crowding 
and fighting are much less among polled sheep and losses to the sheep 
grower are accordingly smaller. 
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Determination of the combining ability of selected lines of inbred 
Rambouillet sheep and of certain of these lines with shee ep of other 
breeds, as a means of further improvement in lamb and wool pro- 
duction, needs urgent attention. Exploratory tests in this field of 
crossing line-bred sheep indicate that certain lines will combine very 
successfully for increased rate of growth in the wool and meat of the 
resulting offspring. Considerable work is needed, however, to locate 
and identify the lines most efficient in their combining ability. 


Sueer Frepine 


(BAI—b-2-2—Federal 





Regular funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To determine the nutritive requirements of sheep and the value, 
for these animals, of important feeds and forages adapted to the 
various regions of the United State s; (2) the value of various diets and 
rations for producing growth, maintenance, and reproduction of in- 


dividual sheep, bre ls, types, “and classes of sheep and lambs; (3) 
the influence of various feeds and forages on the growth of sheep and 
the quality of mutton, lamb, wool, and fur. In the current work, re- 
search is being conducted on the control of urinary caleuli, the re- 


quirements for cobalt and other mineral elements, and related nu- 
tritional problems. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-2-6—Relation of sorghum crops in the ration to formation of 
calculi, or stones, in sheep. To determine the reason why the use of 
sorghum feeds causes urinary calculi formation in sheep and the 
means of preventing this disorder. 

b-2-2-7—The role of cobalt and other inor ganic elements in sheep 
nutrition. To study the needs for cobalt and other i inorganic elements 
in rations of sheep and the methods of correcting the condition caused 
by an insufficiency of these elements. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The westward movement of the sheep industry in this country 
early in 1900 brought a realization to ihe yen that research was 
needed to find improved ways for the profitable feeding of sheep. 
In the West, problems of grazing in areas of low r: ainfall and other 
unusual conditions called for solution. In the East, sheepmen sought 
to retain a portion of the industry through improved feeding prac- 
tices. To meet these needs, the Bureau in 1906 began research on 
feeds and forages for sheep and within a few years this study had 
been extended to various locations of the United States in an effort 
to find the grazing and feeding methods best adapted to specific 
regions. At Dubois, Idaho, feeding problems of the western ranges 
have been under research since 1920, At Middlebury, Vt., the activi- 
ties of the project have dealt with sheep feeding in the North Atlantic 
area. At Newell, S. Dak., the work was devoted largely to fattening 
* lambs on feeds common to that area. This phase of the project 

ras begun in 1923 and continued until 1943. Sheep-feeding prob- 
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lems of broad and fundamental importance are studied at Beltsville, 
Md. 


D. FUNDS--ANNUAL EXPENDITURES 


With sheep-feeding investigations financed from funds covering 
work on several lines of research on sheep and goats, estimates for 
early years are difficult to obtain. Direct expenditures for all sheep 
on goat husbandry investigations varied from about $80,000 in 1923 
to about $84,700 in'1934, and aver aged slightly over $88,000 annually. 
During this period there were expenditures for three projects (main- 
tenance of station at Beltsville and fundamental research on animal 
genetics and nutrition) for which no basis of distribution is available 
now. The average expenditures for these three projects from 1923 to 
1934 was about $92,000 annually. The direct costs for research on 
sheep feeding varied from about $15,000 in 1935 to $17,000 in 1948. 
Expenditures for this work have ranged from about $17,000 in 1944 to 
$25,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that lambs fed and held under similar conditions vary 
widely in gains and efficiency in use of feed—Difterences of as much 
as 38 percent were found between the lowest gaining and the most 
rapidly gaining lambs, and differences of 36 percent between the least 
efficient and most efficient in the use of their feeds. Such variation 
emphasizes the importance of careful selection of feeder lambs from 
strains of sheep that will gain weight rapidly and profitably and that 
will be highly efficient and profitable in the utilization of their feed 
for the prodtic tion of lamb meat. 

Determination that feed for sheep is far more important than the 
temperature of their environment in terms of gain in body weight and 
weight of wool. It has been found that Columbia sheep i ina ‘hot cli- 
mate, and Columbia sheep of the same strain and rearing in a cool cli- 
mate, all well-fed, gained about the same in body weight ‘and produced 
about the same weight of wool. This result indicates that when good 
feed is provided for sheep, marked differences in the temperature of 
their environment are of small importance in wool production. 

Development of alamb-fattening diet producing the cheapest gains 
in weight in western South Dakota consisted of barley, pressed sugar- 
beet pulp, molasses, beet tops, and alfalfa hay. Adding the pressed 
sugar-beet pulp to corn and alfalfa hay or barley and alfalfa hay in- 
creased the efficiency of these diets. In this important sugar-beet 
producing area where sheep production is also important, this finding 
has been applied with substantial profits to the lamb-feeding industry. 

Finding that feeding soybeans with grain to fattening lambs yields 
good results. Higher percentages of the protein and fat were digested 
by fattening lambs when alfalfa hay and soybeans were fed than when 
alfalfa hay, corn and cottonseed meal were fed. No appreciable soft- 
ening of the body fat occurred in fattening lambs fed soybeans. This 
finding is in contrast to the usual softening of pork that results from 
feeding soybeans to pigs and provides a potential feed outlet for oil 
whenever economic conditions require such adjustment. 

Discovery that feeding range oats in addition to alfalfa hay increases 
the growth of ewe lambs and improves their development as breeding 
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ewes in the intermountain range area. This result was obtained with 
four breeds—the Columbias, Rambouillets, Targhees, and Corriedales. 

Discovery that fresh grasses have a high ‘vitamin E content, which is 
essential for good nutrition. Results from this project indicate that 
a sheep consuming 14 pounds of bluegrass per day will obtain about 
a gram of alpha- -toc opherol (the essential element in the prevention of 
stiff lamb or white muscle disease), or as much as is found in 1/ > to 1 
pound of wheat-germ oil, which costs several dollars per pound. Sub- 
stantial savings in the feeding of sheep can be effected througl: fresh 
grass pastures, 

Finding that supplemental feeding of cottonseed cake or oats to 
sheep on winter range or in winter feed lots increased the phosphorus 
content of the blood of breeding ewes—These results have helped 
range sheepmen increase their lamb and wool production through the 
feeding of one of these supplements during the winter, when low blood 
phosphorus levels occur in breeding ewes accompanied by losses at 
lambing time and diminished grow th of lambs. 

Determination that flushing, or extra feeding of ewes at breeding 
time, increases lamb yields through twinning. This increase has been 
found to average 187 lambs per 1,000 ewes. Sheep producers find this 
flushing practice very profitable where feed conditions are favorable 
for lamb production. 

Finding that the feeding levels for Karakul breeding ewes had no 
significant effect on the fur of their newborn lambs with respect to size 
of pelt, size of curl, tightness of curl, luster, and thickness of skin. 
These results do much to dispel a deep- seated idea that restricted 
nutrition favors growth of more desirable curl and better pelts. 
Greater dependencs e, therefore, can be placed on breeding in the pro- 
duction of superior lamb-skin tar. 


F. SOME ADDITIONAL WORK NEEDED 


Improvement of the sheep forages of the western ranges are espe- 
cially needed to cut cost of production through increased grazing 
capacity. 


Propuction AND Properties or Goat’s MILK 


(BAI—b-2-5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the important nutritive properties of goat’s milk, and 
the influences of breeding, feeding, and other management practices 
on such properties, as w ell as on the production of milk. Current 
emphasis is being given to selection of strains of goats that produce 
large amounts of ‘milk having the nutrients of ‘greatest benefit to 
persons who require goat’s milk in their diet. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-5-5—The effect of different protein and fat supplements in 
concentrate mixtures on milk and butterfat production of milking 
goats. To determine the possible effects of certain different pr otein 
and fat supplements on the quality and quantity of the milk produced 
by goats. 
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©. HISTORY AND EVOLUTION OF THIS WORK 


During the first 20 years of this work, from 1909 to 1929, major 
attention was given to production and management phases of dairy 
goat husbandry. Because of the constant demand for information 
on goat’s milk, presumably because it is easy to digest, an intensive 
study lasting nearly 10 years was begun in 1929 on the nutritive 
properties of goat’s milk. Comparison studies with cow’s milk were 
carried out during this period with special reference to the properties 
of goat’s milk providing the nutritive requirements of infants, and of 
adults suffering from digestive disorders. These studies were aimed 
primarily at vitamin oor special nutrient content as well as the effects 


of pasteurization on the use of goat’s milk. After establishing these 
special nutrient facts, work in recent years has been directed toward 
seeking out milk goats which produce not only more milk, but those 
also producing milk with high nutritive qualities. 


D. FUNDS-—-ANNUAL EXPENDITURES 


With goat’s milk studies financed from funds covering work on 
several lines of research with sheep and goats, estimates for early 
years are difficult to obtain. Direct expenditures for all sheep and 
goat husbandry investigations varied from $80,279 in 1923 to $84,692 
in 1934, and averaged slightly over $88,000 annually. During this 
period there were expenditures for three projects (maintenance of 
station at Beltsville and fundamental research on animal genetics and 
nutrition) for which no basis for distribution is available now. 
The average expenditure for these three projects from 1923 to 1934 
was about $92,000 annually. The direct costs for goat’s milk studies 
varied from $11,900 in 1935 to $9,700 in 1943. Expenditures for 
this work ranged from $9,500 in 1944 to $11,900 for the fiscal year 
1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


These studies established that goat’s milk has a soft curd, small 
fat globules, and a rather high buffer index or resistance to acidity.— 
These hye iage explain the reason why goat’s milk is easily digested 
and why it is often prescribed for both infants and adults who are 
unable to consume cow’s milk. Goat’s milk has a high ratio of albumin 
and globulin to casein, and a greater quantity of the fatty acids than 
cow’s milk. Studies reveal that it is similar to that from cows in 
vitamins A and D, and relatively high in thiamine. Spring and 
summer milk has more vitamin C than fall and winter milk. Exposure 
of the milk to air and light materially reduces the ascorbic acid 
content. 

Pasteurization of goat’s milk increases the solubility of calcium and 
phosphorus and reduces the curd tension.—This process has improved 
the keeping quality more than the flavor of fresh goat’s milk. Pas- 
teurization by holding the milk at not less than 142° F. for 30 minutes 
caused a decrease of from 35 to 45 percent in the content of ascorbic 
acid. Pasteurization improves its safety, without adverse alteration, 
as in cow’s milk. 

Feeding a concentrate mixture of 13 percent protein is adequate 
for milk production, but a 10-percent protein level is insufficient for 
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highest yield of milk.—Results of tests indicate that a concentrate 
mixture of feed containing 13 percent protein is adequate for best 
milk production provided it is fed with a good quality legume rough- 
age. Goat raisers need to know the amount of protein concentrate 
to buy in supplementing home-grown feeds. 


F. SOME ADDITIONAL WORK NEEDED 


Development of goats that will produce more milk and milk o 
higher fat content.—Yields should be at least 1,200 pounds of milk 
per doe per year, with butterfat content approximating 4 percent. 
At present goat-milk production in the United States is probably 
less than 900 pounds a doe per year, which is unprofitable. Goat's 
milk is relatively low in butterfat in such breeds as Toggenburg and 
Saanen. Research for the solution of problems in producing adequate 
quantities of milk should be in the fields of breeding, feeding, and 
management. Influencing butterfat content of the milk appears to 
be largely in the field of improved breeding through selective mating 
and line breeding. 

Measurements and methods of identifying the milks of individuals 
and strains of does with respect to merit in flavor and nutritive prop- 
erties, other than butterfat content, which contribute to the special 
usefulness of goat’s milk. If the does having special merit along these 
lines could be identified, such finding would provide a basis for improv- 
ing goat’s milk through the application of goat-breeding methods. 


Fur-ANIMAL FrepING AND NourrirTion 


(BAI—b-8-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF WORK 


To determine nutritive requirements of various species of pen-raised 
fur animals, including domestic rabbits, for meat, fur, and wool and 
the most economical sources of feeds to meet their requirements and 
produce the best fur. In current work, emphasis is given to determin- 
ing the protein, fat, mineral, and vitamin requirements in the diet for 
rearing healthy stock. Another important objective is the finding of 
satisfactory substitutes for expensive raw meat in the diet. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-3-1—Protein requirements of fur animals. To determine the 
protein requirements of minks and foxes during breeding, pregnancy, 
suckling, growth, maintenance, and fur growing in order to keep this 
expensive part of the diet to a minimum, and thereby permit more 
economical production. 

b-8-3-2—Fat requirement of fur animals. To determine what 
levels and kinds of fat are most desirable for growth, feeding 
efficiency, and development of good fur. 

b-8-3-3—New sources of feed for fur animals. To find new and 
economically satisfactory feeds as a substitute for horse meat and to 
determine the relative value of cereal products for minks, foxes, and 
martens. Emphasis has been given to the use of chicken waste, pack- 
ing-house byproducts, potatoes, and cereals. 
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b-8-3-6—Sea fish, sea mammals, and their products as fur-animal 
feeds. To determine the quantities of Alaskan fish-cannery wastes, 
principally salmon and halibut, and the proper supplements to feed 
fur animals. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Economic feeding of wild fur animals in captivity was one of the 
earliest problems that faced farmers who entered this new and rela- 
tively hazardous field. To meet this pressing need, pioneer work was 
undertaken in 1916 by the Bureau of Biological Survey, of the Depart- 
ment, following some preliminary collaboration with private fur farm- 
ers. Full-scale research did not get under way until in the 1930’s. 
The first experiments were by trial and error to find proper mixtures 
of horse meat and other ingredients for satisfactory diets. Many of 
the packing-house byproducts were tested for suitability; then the 
substitution of beef meal, tankage, and fish meal for the raw meats. 
Consideration was also given to the use of vegetable proteins and scrap 
fish and fish-cannery waste. In 1938 fundamental nutrition research 
with foxes and minks was begun in cooperation with Cornell Univer- 
sity, emphasis being given to vitamin, protein, and fat requirements 
in the diet. These investigations are still in progress. The develop- 
ment of the rabbit industry in the West with the resulting need, on 
the part of the producers, for economical and growth-promotin 
feeds led to the establishment, in 1927, of the United States Rabbit 
Experiment Station at Fontana, Calif., in cooperation with rabbit 
breeders and a private company. Attention was given both to suitable 
feed mixtures and to effective methods of feeding. A study was also 
made of a large variety of feeds in relation to the troublesome bloat in 
these animals. The expansion of the fish cannery industry in Alaska 
resulted, in 1937, in research work at Petersburg to test the value of 
whole scrap fish, fish-cannery waste both frozen and cooked, and other 
readily available feeds for fur animals. In 1939 the functions of the 
Bureau of Biological Survey, including work on fur animals raised in 
captivity, were transferred from the Department of Agriculture to 
the Department of the Interior, but in 1946 were returned to 
Agriculture. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures for research on feeding and nutrition of fur animals 


since the transfer of the activity to the Bureau of Animal Industry 
have been as follows: 


Fiscal year 1947......._..2.. $26, noes See year 1949=............ $35,000 


Fineal,.year 1948... ......., 23,900 URiscal. gear. luee scene. See 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of the digestibility of various types of feeds by 
minks and foxes, enabling fur farmers to make a better selection of 
economical feeds. 

Determining the value, as feed for fur animals, of numerous by- 
products from packing houses and fish canneries and other waste 
products. Information obtained on their relative efficiency and proper 
quantities to be fed has resulted in a considerable saving to fur farm- 
ers through the use of these comparatively cheap feeds. 
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Finding the vitamin A and the thiamine and nicotinic acid (two 
members of the vitamin B family) requirements of fur animals for 
health, reproduction, and good fur. As a result, fur farmers can 
balance diets and thereby prevent losses due to vitamin deficiency 
disorders. 

Determining the amount of protein and fat needed by minks and 
foxes at several stages of development and maintenance. This infor- 
mation is being used by producers in providing adequate diets for 
their animals. 

Development of a selective self-feeder system and diet of whole 
grains and protein supplement in addition to legume hay for do- 
mestic rabbits resulted in increased daily gains and more economical 
commercial production. Small rabbit growers have found this method 
especially helpful in solving ration and feeding problems. 


F. SOME ADDITIONAL WORK NEEDED 


Digestion trials with minks, foxes, and martens, of promising new 
feeds to formulate better and more economical diets for these animals 
so recently removed from the wild. Such trials have yielded exceed- 
ingly worth-while results with other livestock. 

Special digestion trials with rabbits are necessary because of their 
normal practice of eating dung, somewhat similar to rumination in 
cattle. This peculiarity of rabbits makes undependable the applica- 
tion of digestion trials used with other types of livestock. 

Nutrient requirements for domestic rabbits—Though some of the 
nutrient requirements of rabbits for certain periods of their lives are 
known, additional studies of many nutrients essential to growth, repro- 
duction, and lactation are needed. 

Meatless diet for minks.—Foxes can be reared on diets without any 
fresh meat. If such diets can be found for minks, much of the labor 
and equipment necessary for preparing and holding raw meats can 
be eliminated and a more economical diet can be used. 

New sources of cheap and satisfactory substitutes for horse meat 
and other expensive feeds. Many fur farmers have discontinued op- 
erations because they could not make a profit owing to a lack of a 
reliable substitute for horse meat. 


Surer MANAGEMENT 
(BAI—b-—2-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the most efficient practices for growing sheep, the 
influence of specific factors on the thrift of sheep and lambs, and on 
the production and quality of mutton, lamb, wool, and fur. Current 
work covers studies of a wide range of management problems. These 
include research on systems of pasturing the ranges of the West for 
the most efficient use and economical production of meat and wool, 
as well as investigations of types of forage and methods of pasturing 
forage crops in the farm States. Methods of caring for sheep in 
winter, type of feed best suited to the needs of ewes at lambing, saving 
young lambs, and of shearing, tying, grading, sorting, and packing 
wool for highest returns are also under study. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-3-1—Studies in sheep grazing on spring-fall range in the inter- 
mountain region. To determine how sheep and the range are affected 
by climate, rotational grazing, and intensity of grazing, and the pro- 
duction of forage on the range. 

b-2-3-2—Pasture management with sheep, using soybeans, oats, 
wheat, barley, rye, and permanent grass mixtures. To determine types 
of forage and mixtures of permanent grass best suited to the produc- 
tion of continuous and high-quality pasturage for sheep and lambs 
in the eastern region of the United States. 

b-2-3-4—Development of improved sheep-branding fluids. To 
develop a sheep-branding fluid that will remain legible and at the 
same time scour out of the wool by current mill scouring processes. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Economic and effective management of the ranges and farms on 
which sheep grow is so necessary to the success of both the wool-grow- 
ing and meat-producing phases of the industry that sheepmen early 
recognized the need for sound, practical advice based on research. As 
the range lands for sheep shifted ever westward at the beginning of 
the century, aid was sought from the Bureau in solving problems 
evolving from pasturing in areas of light rainfail, changing topog- 
raphy, and varying forages. This project, accordingly, was started in 
1906 with range sheep at Laramie, Wyo., and with farm sheep in 1909 
at Middlebury, Vt. Additional studies of management of farm sheep 
were started at Beltsville, Md., in 1915, and at Newell, S. Dak., man- 
agement under irrigation farming conditions has been under research 
since the early 1920’s. At Dubois, Idaho, and at Miles City, Mont., 
varying conditions peculiar to sheep ranges in those areas are studied 
to develop most efficient practices that can be used by the industry. » 


D. FUNDS—-ANNUAL EXPENDITURES 


With management investigations financed from funds covering sev- 
eral lines of research with sheep and goats, estimates in early years 
are difficult to obtain. Direct expenditures for all sheep and goat 
husbandry investigations varied from about $80,000 in 1923 to about 
$84,700 in 1934, and averaged slightly over $88,000 annually. During 
this period there were expenditures for three projects (maintenance 
of Beltsville station and fundamental research on animal genetics and 
nutrition), for which no basis for distribution is available now. The 
average annual expenditures for these three projects from 1923 to 
1934 was about $92,000 annually. The direct costs for sheep manage- 
ment investigations varied from about $13,600 in 1935 to about $13,500 
in 1943. Expenditures have ranged from about $13,000 in 1944 to 
$20,100 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a system that would provide good forage for sheep, 
a prea ewes and their suckling lambs, when permanent pasture 
of bluegrass and similar forages were sparse or dormant in the hct 
summertime. Such temporary pasture also supplements permanent 
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pastures in seasons when growing lambs make increasing demands for 
good succulent feed. These ee pastures have been primarily 

ye, wheat, barley, oats, peas, and soybeans. This system insures for 
sheepmen an opportunity to keep sheep and lambs in a gaining con- 
dition at a critical time of the year, when absence of such forage would 
result in losses in thrift and necessary gaining in weight for profitable 
production of market lambs. 

Proof that spring grazing with sheep on spring-fall intermountain 
sagebrush grass ranges is best managed when started after grasses 
reach a 2-inch height growth. It was found that there is a minimum 
of variation in this stage of grass development, thus insuring available 
range forage in most years and necessitating the maintenance of not 
more than a 10-day supply of reserve feed for the exceptional year 
when forage development is late. This practice in management also 
precludes misuse of the range, since, from this time on, forage growth 
was found to progress ordinarily in advance of the sheep, insuring 
that adequate feed will be available during the entire spring season 
if the range is not overstocked. 

Determination that fall grazing with sheep is best started on the 
sagebrush grass ranges when the forage on the high summer ranges 
is utilized, but preferably after rains start regrowth of grasses or 
soften the cured bunchgrasses. Since the fall grazing must end with 
the coming of deep snow, and its occurrence is extremely variable, 
it was found that a 30-day reserve supply of feed or its equivalent of 
protected winter range over and above the norma! winter requirements 
should be maintained as insurance against years of early snow. 

Finding that stocking sagebrush grass ranges with sheep is satisfac- 
tory at the rate of two-thirds of a sheep per acre per month for approx- 
imately 244 months in the spring and again in the fall where the 
plant cover was about 25 percent, comprising approximately 45 percent 
bunchgrass and palatable weeds, and 55 percent of sagebrush and 
other less palatable shrubs. 

Discovery that rotation spring grazing with sheep is essential for 
maintaining sagebrush-bunchgrass range under the conditions of cli- 
mate prevailing in the intermountain area. Results showed that this 
system of grazing sheep can be applied by dividing the range into 
two or more convenient units and routing the sheep from one to the 
other as the season advances, beginning the process with a different 
unit each succeeding year. ‘This practice insures adequate forage in 
the poorest forage-growth years and in good years permits range 
plants which may have been heavily grazed in previous years to recover 
vigor. Because ample forage is available, sheep can be maintained 
in a thrifty and productive condition. 

Determination that carefully planned burning, when properly car- 
ried out, is an effective means of increasing good sheep forage produc- 
tion on range lands. This practice serves to remove dense stands of 
sagebrush effectively, and without damage to range pastures, 

Proof that breeding Hampshire ewes for the first time as lambs at 
18 to 19 months results in a material increase in their total lamb pro- 
duction over their entire breeding span. Tests were made under irri- 
gation farming conditions with good feed and environment for ade- 
quate development of the ewe lambs. The results also showed that the 
ewes bred as lambs were not injured as mothers of good lambs or as 
wool producers by this early motherhood. 
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Discovery of a green tattoo ink that is excellent for maintainin 
the identity of breeding sheep, even sheep having pigmented or colore 
ears as dark as the ears of Hampshire and Shropshire breeds. This 
has solved an important problem of breeders and importers of pure- 
bred registered sheep who find it essential to maintain the individual 
identity of valuable sheep used in improvement programs by the appli- 
cation of intensive breeding methods. 

Development of a durable and scourable sheep-branding paint that 
will maintain the identity of sheep for a year on western ranges, and 
that will completely scour out of the wool in the usual mill-scouring 
procedures. Further improvement is being worked out for this paint 
to keep it sufficiently liquid at relatively low temperatures so that it 
can be applied by shepherds who often have to brand sheep in rather 
cold weather. 


F. SOME ADDITIONAL WORK NEEDED 


Development of practical systems of combining sheep and cattle 
grazing for maximum economic returns per acre is needed and requires 
intensive research. On most pastures and ranges some forage is more 
suitable for cattle than for sheep and some forage can be used to best 
advantage by sheep only. Studies of possible rotation methods or 
some other means of grazing sheep and cattle on the same pastures 
are needed to make complete use of all available forage and produce 
greater financial returns per acre of land. 

Development of more nutritious, palatable, and productive forage 
for sheep on winter ranges and more effective methods of management 
to reduce costs of feeding range breeding sheep in winter feed lots 
requires research. The high cost of winter feeding from stack, mow, 
and bin is a constant threat to the industry’s economy. 


Coccrpiosis oF Sueer, Goats, AND SWINE 
(BAI—c-5-—3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain information (1) on the life histories of coccidia (intesti- 
nal parasites) in sheep and goats, and (2) on the effect of single 
species of coccidia on the health of the host animal. The nature of 
the current work is purely experimental. It is designed to form a 
basis on which to develop methods of controlling coccidiosis, the 
seriously debilitating and widespread disease caused by this parasite. 


B, CURRENTLY ACTIVE LINE PROJECTS 


c-5-3-2—Investigations of life histories of coccidia of sheep and 
goats, and of control measures. To obtain information on the life 
cycles of coecidia infecting sheep and goats, to determine the injury 
produced by these parasites, and to develop control nieasures. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Various species of coccidia occur in sheep and goats. Ordinarily 
they are found in small numbers, and the infected animals show no 
evidence of their presence. When they occur in large numbers, how- 
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ever, they produce marked intestinal disturbance manifested by severe, 
and at times bloody, diarrhea. Specific work designed to obtain in- 
formation on these parasites and their effect on the health of the 
animals that harbor them began about 1937. At that time a special 
investigation was made of lambs in a feed lot infected with coccidiosis, 
a large number of these lambs having died of the disease. Investiga- 
tion showed that the animals were suffering from coccidiosis spread 
largely through the contamination of silage in the feed troughs with 
the feces of animals in the feed lot. Many species of coccidia were 
found in the affected animals, but it was not known which were pri- 
marily responsible for the injury and death of the animals. Further 
experimental work showed clearly that these species of coccidia dif- 
fered in their location in the intestine, in their method of reproduction, 
and in the injury they produced. As a result of this field experience, 
and of limited experimental work, it became evident that the life his- 
tory and injury-producing capacity of each species must be deter- 
mined before a rational approach to treatment or prevention can be 
made. The current work is founded on this need. 


D, FUNDS—-ANNUAL EXPENDITURES 


Research on coccidiosis of sheep and goats was initiated in the fiscal 
year 1937 and was included with other parasitological studies under 
the project “Investigations of internal parasites of ruminants.” Di- 
rect expenditures for that project ranged from $21,800 in 1937 to 
$24,400 in 1941. In 1942 a new project covering studies of coccidiosis 
of sheep and goats, as well as swine, was established. Expenditures 
under it ranged from $9,500 in 1942 to $13,900 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstration that coccidiosis of feed-lot lambs can be preventea 
even though silage is used as part of the rations. Previously it had 
been believed advisable to discontinue the use of silage as a fattening 
ration for feed-lot lambs in order to remove the moist food as a dan- 
gerous source of coccidia infection, and to replace it with the more 
expensive dry rations. Now it has been demonstrated that silage can 
be used seals if it is protected from contamination with droppings 
of lambs infected with coccidia. This knowledge represents a con- 
siderable saving to the feeder in providing effective control measures 
against coccidiosis. 


F. SOME ADDITIONAL WORK NEEDED 


Relative effects of infestations on sheep and goats.—It is reasonable 
to suppose that some species that are harmful to sheep are relatively 
harmless to goats and vice versa. However, specific facts are neces- 
sary before control methods can be established. 

Length of life of the resting phase of the parasite on pasture and 
its ability to withstand varying conditions of temperature and mois: 
ture are important considerations in the development of control 
methods. Little information is available on these subjects. 


78552—-51—-vol. 1--—-31 
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Worm ParasitTes or SHEEP AND GOATS 


(BAI—c-6-2—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To determine the life histories of worm parasites of sheep and 
goats and the effect of infestation with these worms, and (2) to develo 
preventive measures based on the life histories. The current work is 
particularly concerned with the thread lungworm of sheep, Dictyo- 
caulus filaria, which is widespread in sheep-producing areas and 
causes severe loss of condition and frequent deaths among heavily 
infested animals. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-6-2-6—Investigations on the life history of the thread lungworm 
of sheep and goats and its ability to cause disease. To determine the 
life history of this lungworm, the effects of temperature and moisture 
on development of the larvae and their survival on pasture at different 
seasons of the year and the effect of lungworms in the absence of other 
parasites or disease organisms. 


©. HISTORY AND EVOLUTION OF THIS WORK 


Worm parasites have long been recognized as the cause of serious 
diseases of sheep and goats. As early as 1891 it was discovered that 
nodular disease of sheep was caused by a roundworm, and that the 
disease was not some Seas of tuberculosis as had been supposed. 
The realization that worms differed in their effect on animals fed to 
experiments to determine the precise effects of single species of worms. 
As a result of these experiments the discovery was made that some 
worms spend a part of their life cycles on pasture, with no interme- 
diate host involved. This information formed the basis for the estab- 
lishment of the current project in 1936. 


D. FUNDS--ANNUAL EXPENDITURES 


With these investigations financed from funds covering work on 
several lines of research, estimates for early years are difficult to 
obtain. However, direct expenditures from regular funds for all 
research on parasites and parasitic diseases of animals and poultry 
averaged $112,000 annually between 1923 and 1935 and $172,000 
between 1936 and 1941. Expenditures have ranged from about $15,000 
in 1942 to $24,500 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Recognition of the eggs of the different kinds of worms commonly 
found in sheep and goats.—Sheep and goats are commonly infested 
with a number of different worm parasites. They reproduce by means 
of eggs, which are found in the droppings. Although these eggs are 
extremely small and those from the different worms are, for the most 
part, similar in size and shape, it is now possible to separate and iden- 
tify eggs of the different species of worms with reasonable certainty 
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and accuracy. This accomplishment has resulted in more definite 
and accurate determination of the identity of the parasitic disease 
affecting an animal; it has helped to evaluate the effectiveness of drugs 
used as worm removers; and it is of major importance in planning 
treatment and control measures. 

Determination of the life expectancy of parasites on pasture, making 
it possible to recommend grazing practices aimed at parasite control.— 
Even in areas where sheep are kept on pasture during the winter, little 
danger has been found of their becoming seriously infested with para- 
sites because, with one or two exceptions, parasite eggs fail to develop 
at winter temperatures. Furthermore, it has been found that eggs 
on pasture do not survive long periods of dryness or limited rainfall 
and that most of the larvae die during the winter, leaving the pastures 
relatively free of infection in the spring. Even when climatic condi- 
tions are favorable for development of eggs and survival of larvae, 
most infected larvae have been found to die in 6 to 12 weeks. 

Experimental studies with the sheep tapeworm (Moniezia expansa) 
have shown that this is not as serious a parasite as it has been generally 
supposed to be. 


F. SOME ADDITIONAL WORK NEEDED 


Lungworms of sheep and goats—Two of the three kinds of lung- 
worms in sheep and goats in the United States require snails as inter- 
mediate hosts in their life cycles, but little information regarding 
these snails is available. In order to develop effective methods of 
controlling these lungworms, research is needed on the identity of the 
snails, their habitats, and the conditions under which they thrive. 

Relation of animal nutrition to parasitism.—There is some evidence 
that well-fed animals are better able to cope with common parasites 
than poorly nourished animals. However, far more information than 
is now available should be obtained on the effect of nutrition on an 
animal’s reaction to parasites. 

A more comprehensive study of parasites in the different areas of 
the United States —The different climatic conditions in different parts 
of United States present separate problems in dealing with worm par- 
asites of sheep and goats. The results of experiments conducted in 
one section do not necessarily apply in another section with complete- 
ly different climatic conditions. ‘Therefore, the areas need to be stud- 
ied separately to find effective parasite protection methods for each 
section. 

Methods by which parasites produce injuries—Worm parasites 
of sheep and goats produce different types of injuries. For instance, 
stomach worms produce a marked and frequently fatal anemia in many 
animals; the small intestinal worms cause diarrhea and unthriftiness. 
More information on the different methods of attack by parasites is 
important in the development of control measures. 

bijects of parasites on different species of animals—The assump- 
tion that the results of experimental work with one species of animal 
apply to other species may be ‘correct in some instances, but in many 
cases it is completely erroneous. For example, goats are much more 
severely affected by the small intestinal worms than are sheep, and 
sheep and goats both suffer more from liver fluke infestation than do 
cattle. More research on this problem is needed. 
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INFECTIOUS AND NONINFECTIOUsS DiIsEAsEs OF FuR ANIMALS 





(BAI—c-9-1—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the cause, means of transmission, and methods of 
control of diseases of pen-raised fur animals, including rabbits. The 
current work includes experiments on distemper in foxes and minks 
and on so-called yellow fat or watery hide in minks. In addition, in 
cooperation with fur farmers in strategic areas, studies are being 
made of major disease outbreaks on fur ranches to obtain informa- 
tion on the nature and control of other important diseases of minks 
and of diseases of chinchillas. An investigation of the hazard of 
food poisoning from feeding uncooked poultry waste to minks is 
also being made. Facilities are now available for conducting research 
on diseases of domestic rabbits. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-9-1-2—-Distemper in foxes and minks. To develop a specific 
blood test for diagnosing distemper, to determine the effectiveness of 
various mink and fox vaccines on the market, and to find an effective 
method for treatment of the disease. 

c-9-1-8—Yellow fat (nonsuppurative panniculitis) in minks. To 
determine the conditions that cause yellow fat in minks and to de- 
velop practical methods of preventing the disease. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In response to increasing recognition of the possibilities of fur 
farming as an industry, the Federal Government began experimental 
work on fur farming in 1912 and reported findings in 1916. Obser- 
vations on fur-animal diseases were made at the United States Fur 
Animal Experiment Station from 1916 to 1924 while it was located 
at Keesville, N. Y., and later at Saratoga Springs, N. Y. Coopera- 
tive research investigations in the Midwest from 1927 to 1939 yielded 
valuable information on important diseases in foxes, such as dis- 
temper, Chastek paralysis, and paratyphoid infection ; also on tumors 
and tularemia in rabbits and other fur animals. Studies on rabbit 
diseases included bloat, septic infection and infectious tumors were 
made at the rabbit experiment station at Fontana, Calif., beginning 
in 1932. In 1939 the functions of the Bureau of Biological Survey 
which included research on fur animal diseases, were transferred 
from the Department of Agriculture to the Department of the In- 
terior, but in 1946 all activities pertaining to pen-raised fur animals 
including domestic rabbits were brought back to the Department of 
Agriculture. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for research on infectious and noninfectious diseases 
of fur animals since the transfer of the activity to the Bureau of 
Animal Industry have been as follows: 


Wises) yoar 1967 xcs - $33, 900 | Fiscal year 1949__._._________ $34, 400 
Fiscal year 1948............. 38,3800] Fiscal year 1950... .....__ 38, 500 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a rapid laboratory method of diagnosing distemper 
in fur animals.—By this method, a dependable diagnosis can be made 
on the same day that specimens are received (provided two or more 
carcasses are examined) as compared with 2 or 3 weeks necessary 
with the ferret susceptibility test formerly used. This prompt diag- 
nosis of a disease often results in saving many of the remaining healthy 
animals on the premises through early control and eradication 
measures. 

Discovery of causes of outbreaks of a contagious form of brain 
inflammation in foxes and development of control methods. Control 
of this disease has avoided considerable losses to fox raisers in some 
areas. 

Finding means of preventing and curing a disease of minks known 
as Chastek paralysis—The cause of this disease was found to be a 
vitamin B, destroying factor contained in certain fish and fish by- 
products. Consequently, supplying vitamin B, to the diet in some 
form avoids losses from this disease in regions where fish or fish 
i eine are the principal part of the diet. 

inding that lead poisoning will occur in minks if the cages are 
painted with red lead. 

Discovering that excess quantities of salt in the diet—3 percent of 
the ration as fed—will kill minks—Any feeds containing excessive 
amounts of salt, therefore, should not be included in the mink diet. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of the causes and development of methods of pre- 
vention and treatment of enteritis in mink. The disease is found 
wherever minks are raised. Sa/monella infection has been thought 
to be a common cause of enteritis although this has not been proved 
experimentally. Research on this point is needed if effective control 
measures of enteritis are to be developed. 

Effective methods to protect chinchilla raisers against outbreaks 
of two rare diseases that have caused heavy losses in recent years. 

Determination of the practical value of vaccination against botulism, 
or food poisoning, in mink.—Some mink raisers are having difficulty 
in preventing losses from such poisoning. 

Determining the conditions responsible for bloat in rabbits and 
developing measures for preventing and treating this disease —Bloat 
is one of the principal causes of domestic-rabbit mortality. 


PaRAsITES AND Parastric Diseases or Fur ANIMALS 


(BAI—c-9-2—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain the necessary basic facts for developing measures of 
parasite control in fur animals, and to supply such information to 
breeders of these animals. Current work is concerned with three 
specific parasites causing serious diseases in rabbits—coccidia, pin- 
worms, and ear mites. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


c-9-2-1—Effects of hutch-floor construction on coccidiosis in do- 
mestic rabbits. To learn more about how domestic rabbits acquire 
coccidia—a serious parasite—and to find better ways of designing 
rabbit hutches to help prevent the animals from contracting coc- 
cidiois, the disease caused by the parasite. 
c-9-2-2-—Life cycle and practical control of pinworms of domestic 
rabbits. To find practical means of raising rabbits that will prevent 
their acquiring these parasites. 
c-9-2-3—Control of ear mange in domestic rabbits. To develop a 
practical and effective treatment for controlling and curing ear mange 
in rabbits, caused by ear mites, which are among the most injurious 
external parasites of domestic rabbits. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the past 4 years work on parasites of fur-bearing animals 
has been centered exclusively on the parasites of rabbits, largely be- 
cause they are important food animals for man. Before 1946 activities 
in this field were under the supervision of the Department of the 
Interior, where some sporadic work was done on the control of fox 
parasites. 


D,. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for research on parasites and parasitic diseases of fur 
animals since the transfer of the activity to the Bureau of Animal 
Industry have been as follows: 


Wiatal year 2041 aii. cccmunceuds $14,500 Fiscal year 1949__._..______-- $16, 100 
Fiscal your 968... acne 17,200 Fiscal year 1960_............. 16,200 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The complexity of the problems has been such that no outstanding 
accomplishment can be reported for the short period the project has 
been organized along current lines. The most promising result so 
far is the following: 

Determination that benzene herachloride is an effective and eco- 
nomical treatment for the control and/or eradication of ear mange 
of rabbits —During 1950 benzene hexachloride was discovered to be 
the most effective and economical treatment that has been found for 
the destruction of ear mites which cause ear mange in rabbits. 


F. SOME ADDITIONAL WORK NEEDED 


Development of practical control measures for lungworms in 
foxes.—The fox lungworm is one of the most difficult parasites to 
control. No known medicinal treatment is effective against it, and 
contro: must be based on management. Therefore, it is important to 
learn more about the parasite itself so that producers can be given 
practical recommendations about ways to avoid its spread and the 
attendant loss of condition and frequent deaths among foxes. 

Prevention and control of worm parasites of minks ‘and related fur 
animals.—The most injurious worm parasites of minks and related 
animals are acquired through the eating of fish. Research is needed 
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to determine methods that will destroy the larval stages in fish and 
thereby prevent the animals from acquiring these par asites. 


Sueep Parasite INVESTIGATIONS IN WESTERN RANGE STATES 


(BAI—RM : b-40—Federal-State—RMA Funds) 














A, PURPOSE AND NATURE OF CURRENT WORK 


To obtain information on the life cycles, disease-producing ability, 
distribution, and other problems concerning internal parasites com- 
monly infecting sheep in the western range States. This informa- 
tion provides a basis for effective methods of controlling such parasites 
and the diseases caused by them in sheep. The current work particu- 
larly involves investigations on (1) the life cycle of the liver tape- 
worm, as control measures cannot be developed until the mode of 
transmission of this parasite has been discovered; (2) the life cycle 
and disease-producing ability of the intestinal threadworm; (3) the 
relation of this parasite and others including the intestinal tapeworm, 
to dysentery; and (4) the development of methods of prevention, con- 
trol, and treatment of this condition. 
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B. CURRENTLY ACTIVE LINE PROJECTS 






RM: b-40 (1)—Life history of the fringed tapeworm of sheep and 

‘ methods of control. To find the mode of transmission and trace the 

life cycle through the various hosts; to determine what steps can be 
taken to prev ent she ep from acquiring this parasite through control- 
ling the intermediate host or hosts, once these are disc overed. 

RM: b-40 (2)—The relationship between internal parasites and 
dysentery of sheep. To determine the species of parasite or parasites 
that cause dysentery in lambs; to discover the factors that make them 
susceptible to such dysentery; and to develop methods for controlling 

the parasites and treating the disease caused by them. 




















Cc. 





HISTORY AND EVOLUTION OF THIS WORK 


Considerable work has been done during the last 50 years to learn 
more about parasitic diseases of sheep and how to control them. These 
studies have shown that sheep raised in different regions of the coun- 
try are subject to various parasitic problems pec uliar to the region. 
As an outgrowth of such findings, this special Federal project was set 
up in 1948 to study the sheep parasites s and parasitic diseases of the 
western range States, where a large proportion of the sheep of the 
United States are produced. 













D. FUNDS—-ANNUAL EXPENDITURES 





This special work was initiated in the fiscal year 1948. Expendi- 
tures for this research have been as follows: 
BPMN OI. BOO ih ge a at hint cl eta gale Bice Seis Sas cpp idence chi nc $20, 300 


Sc IRR I ck ch aon soins ts een aad tages som ene Reale cline See eae 24, 500 
SN INE no cin ai rece dS cen eee a bea eae hn eke, 30, 200 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since this project has been in existence for slightly less than 3 
years, and some time was spent in obtaining personnel, establishment of 
laboratories, and purchase of equipment and supplies, outstanding ac- 
complishments are limited. 

Relation of the intestinal threadworm of sheep to dysentery.—It was 
found that the intestinal threadworm alone, when present in lambs in 
large numbers, can cause acute dysentery. This condition is character- 
ized by profuse watery diarrhea, marked weight loss, emaciation, and 
sometimes death. The immature parasites were found to be the most 
injurious. They destroy the inner lining of the small intestine during 
their period of growth, and this results in a great loss of fluid from 
the animals and serious disturbance to digestion and absorption. 
Therefore, the intestinal threadworm, heretofore considered to be of 
minor importance as an injurious parasite, definitely should be added 


to the list of parasites capable of causing dysentery in lambs in areas 
where it is common. 


F, SOME ADDITIONAL WORK NEEDED 


Evaluation and control of parasites and parasitic diseases of range 
sheep and sheep raised on irrigated pastures in the Western States.— 
As the acreage of irrigated land increases in the West, more and more 
sheep are being raised on this land. Furthermore, in some areas range 
lambs are placed on irrigated pasture to fatten. Consequently, para- 
sitic diseases are greatly intensified because moisture and other condi- 
tions are very favorable for the transmission of many of the parasites. 
There is a rapid build-up of heavy infections, which cause extensive 
losses. However, little information is available on the relative impor- 
tance of various kinds of parasites affecting sheep on irrigated pasture, 
as compared with those affecting range sheep. Answers are needed to 
such questions as the following: To what extent and how rapidly does 
the parasite population change in these lambs? What are the impor- 
tant parasites of sheep on the range and irrigated pasture? How can 
these parasites best be controlled ? 


Fur-ANmMAL Puyst0oLoGy OF REPRODUCTION 


(BAI—b-S-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the physical characteristics of the reproductive tracts 
and germ cells of pen-raised fur animals and their relation to artificial 
insemination; to study any and all factors that influence the repro- 
ductive capacity of these animals, particularly during the fertilization 
period. The ultimate objective is to increase the litter size and the 
percentage of pregnancies. Current work includes studies of the effects 
of artificial lighting on breeding seasons, development of methods of 
successful artificial insemination, and improvement of management 
practices. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-2-1—Mink reproduction. To develop management practices 
that will aid in increasing the number of pregnancies and in producing 
large litters of minks; to develop methods of successful artificial in- 
semination. 

b-8-2-2—Fiffects of artificial lighting on breeding efficiency of fur 
animals. To determine the relationship between hours of daylight 
and the breeding season in different species of fur animals, particularly 
martens and minks. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Breeding problems of fur farmers, involving small size of litters and 
a large percentage of progeny losses, menaced the youthful industry 
to such an extent that, with State cooperation, the Bureau of Biological 
Survey of this Department began this project in 1932. Since little 
was known of the reproductive organs of wild animals or even of their 
breeding habits, early research was concentrated on determining the 
physical characteristics of their reproductive tracts and germ cells. 
Such findings were considered imperative as the reticence of the 
animals to breed in captivity was an ominous threat to the industry. 
On the basis of results of that research, experiments were begun to 
establish methods of insuring normal and healthy litters of young 
through a higher percentage of matings and pregnancies. Techniques 
for collecting semen by electrical stimulus were perfected, and attempts 
to inseminate foxes artificially were successful. 

In 1939 all activities of the Bureau of Biological Survey, including 
fur-animal investigations, were transferred to the Department of the 
Interior. In 1946, this research work was returned to the Department 
of Agriculture. 

In 1947, limited research on the physiology of reproduction was 
begun cooperatively with a North Central State. More recent lines of 
approach to these problems have been on the hormone relationships 
to fertilization of the animals and resorption of the embryos. Of par- 
ticular interest has been the possible effect of the hormone diethylstil- 
bestrol, the residue of which may be found in chicken waste of “capon- 
ettes” (chemically castrated chickens) when fed to minks. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this project since its transfer to the Bureau of 
Animal Industry have been as follows: 


Fiscal year 1947 $19, 000 | Fiscal year 1949____...._._____ $23, 800 
Fiscal year 1948 21,000! Fiscal year 1950 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that attachment of the embryo to the uterus shortly after 
fertilization of the egg may be delayed for extended periods in minks, 
martens, and fishers. It was found that seasonal changes in day- 
light are largely responsible for this phenomenon. This explanation 
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of delayed births will be the basis for future studies to improve size 
of litter and number of pregnancies—factors so vital to the economy 
of the industry. 

Perfection of an electric stimulator for collecting semen.—This is 
the first step in artificial insemination, which has proved so beneficial 
in other animals. 

Determination of the nature and time of ovulation (the proper time 
for breeding) in the fox and the time and process of fertilization. 
This information permits the establishment of better breeding sched- 
ules on fur farms, which will result in increased numbers of litters. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of the safe limits and time of the year when poultry 
waste from chemically sterilized birds can be fed to minks and foxes. 
Tons of this cheap fur-animal feed are available and the quantity 
is increasing. There is some indication, however, that when such 
waste is fed to these animals during the breeding season, it affects their 
breeding efficiency. Specific research is needed to determine extent 
and nature of the effects of the chemical (diethylstilbestrol) in poul- 
try waste on both male and female wild animals on fur farms. 

Improving techniques in collecting semen and inseminating minks 
and foxes artificially—tInfluence of superior sires can then be 
extended many fold. The reproductive systems and their normal 
functioning are quite dissimilar to those of other livestock. 

Physiology of reproduction in martens.—At present only about 15 
percent of female martens of breeding age produce young. This fur 
animal is becoming scarce in the wild and once this infertility has been 
eliminated marten ranching will become profitable. 


ReEeprRoODUCTION AND LactTaTION IN Goats 
(BAI—SRF-2-116—Federal—Special Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To extend, if possible, the breeding season of goats so that milk 
can be produced throughout the year. To determine the normal 
anatomy of the reproductive tracts of male and female goats at vari- 
ous stages of sexual development and activity. Current work, all of 
which is directed toward the final objective of a continuous milk 
supply, deals with experiments on the effect of variation in the length 
of day on the breeding season, value of palpating—or examining by 
feeling—the udders of immature does to predict later milk produc- 


tion, and the effect of physiological changes on reproduction and 
lactation. 


B. CURRENTLY ACTIVE LINE PROJECTS 
The work of this special project is not divided into line projects. 
C. HISTORY AND EVOLUTION OF THIS WORK 


Invalids, infants, and persons having some forms of stomach trouble 
frequently benefit from diets containing goat’s milk. Normal breed- 
ing seasons of the animals, however, result in such milk supply being 
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very short for 3 or 4 months of the year. This project was begun in 
1947 to study means of extending the breeding season and providing 
an increased and continuing milk production. Experiments have 
been continued for 3 years. To study the influence of variation in 
the length of day on the estrus, or heat period, test rooms equipped 
with automatic clocks for light control have been constructed. Inci- 
dental to this work, a few sheep have been used in the experiment for 
comparison of results. 
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D. FUNDS—-ANNUAL EXPENDITURES 
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The expenditures for this project have been as follows: 


Fiseal year 1947__ $10, 300 | Fiscal year 1949_...__._____-_-- $8, 800 
Piseal year 1048... i66.is.4. 7, 000 | Fiscal year 1950_..__...____-_: 10, 500 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 



























Determining that out-of-season breeding in goats depends on length 
of day.—During 1948-49, at Beltsville, 93 percent of does under con- 
trolled lighting produced out-of-season kids, whereas only 25 per- 
cent of does under normal lighting produced kids out of season. Does 
in the light-controlled groups were divided into two 13-week periods 
of conditioning which simulated the different seasons of the year. A 
period of 18 hours of light daily, which is similar to summer condi- 
tions, was followed by 6 hours of light daily, comparable to winter. 
This shifting of the breeding season will make possible the produc- 
tion of milk throughout the | year instead of seasonally as under the 
present systems of br eeding. 

Discovery of no definite seasonal trend in the volume, motility, and 
concentration of semen from bucks, and in the percentage of abnormal 
spermatozoa. This finding indicates that as far as the rams are con- 
cerned goat breeding can be conducted at any season of the year. 





F. SOME ADDITIONAL WORK NEEDED 





The possibility of shifting the normal breeding season has indicated 
need for various phases of research such as determination of the prac- 
tical spread of hours of light and darkness to condition goats for out- 
of-season breeding ; whether the same goats can be used for spring and 
fall matings or whether it would be necessary to divide the herd; the 
effect of out-of-season birth on the weight, vitality, and growth of the 
kids; the necessity for conditioning bucks for out-of-season bree ding; 
and detection of length of estrus so that hand m: tings versus pen 
matings could be made. 


CROSS REFERE NCES—PRODUCTION 





For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—A-1-23, Chapters 1 and 24, cost of producing sheep. 

BAE—SRF-2-115, Chapter 24, feed output relationships for livestock. 

BAI—c-2-5, Chapter 1, miscellaneous diseases of livestock caused by bacteria 
and fungi. 

BAI—<c-4-1, Chapter 31, stock poisoning by plants. 

BAI—c—-4H4, Chapter 1, miscellaneous noninfectious diseases of livestock. 

BAI—c-6~4, Chapter 1, liver flukes. 
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BAI—«-7-1, Chapter 31, parasites of food animals. 


BAI—~<-7-2, Chapter 31, parasites of dogs, wild animals, and birds transmissible 
to livestock. 


BAI—«c-7-3, Chapter 1, parasite collection. 

BAI—c-8-1, Chapter 31, external parasites. 

BAI—c-8—2, Chapter 1, internal parasites. 

BAI—h-1, Chapter 35, inspection and quarantine of imported animals. 
BAI—i-4-1, Chapter 1, chemical and nutrition investigations. 


BAI—m-2, Chapter 35, enforcement of Mexican border quarantine for foot-and- 
mouth disease. 


BAI—m-%, Chapter 35, inspection for foot-and-mouth and other animal diseases. 
BAI—Control of virus, serums, etc., Chapter 35. 


BAI—Laboratory services for regulatory, control, and eradication programs, 
Chapter 35. 

BAI—SRF-3-7, Chapter 1, diseases of animals. 

BAI—RM: a-371, Chapter 8, feeds. 

BAI—RM: a—508, Chapter 8, pelleted feeds for livestock and poultry. 

BAI—RM: a-560, Chapter 1, feeding of wheat to livestock. 

BAI—RM.: b—332, Chapter 1, grass poisoning. 


BAIC, BAI, BDI—RM: a-307, Chapter 14, feeding waste products to livestock 
and poultry. 


BDI, PMA, BAI—RM: c-273, Chapter 8, comparative value of hays with differ- 
ent nutritive values. 


BEPQ—I-h-2, Chapter 31, flies attacking livestock. 

BEPQ—I-h-3, Chapter 1, grubs and bots attacking sheep. 

BEPQ—I-h-+4, Chapter 1, studies on lice, mites, and fleas. 

BEPQ—I-h-5, Chapter 31, tick investigations. 

BEPQ—Survey of the screw-worm, Chapter 31. 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, effects of insecti- 
sides, ete. 


BPISAE—e—2-2, Chapter 30, livestock and poultry shelters. 


BPISAE—SRF-3-10, Chapter 22, relation of soils and nutritional content of 
forage to nutritional troubles in animals. 


BDI, BAI—RM: a-7—Chapter 8, availability of nutrients in forage. 


B. UTILIZATION 


Moutrron anp Goat Megat 
(BAI—b-2-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine and evaluate the effect of breeding and other 
production factors on the characteristics of dressed carcasses and the 
quality of lamb, mutton, and goat meat; (2) the basic factors involved 
in the preservation and storage of lamb; and (8) the characteristics 
of sheep and goat carcasses associated with the various market classes 
and grades as a basis for improving grade standards. To develop 
improved methods for evaluating the characteristics of slaughter sheep 
and goats, their dressed carcasses, meats, and meat products. The 
current work relates particularly to the study of meat from lambs 
representing certain breeds and crosses, which involves study of the 
inheritance of tenderness and other important meat factors. Work 
is also in progress on the factors affecting the preservation of lamb 
and mutton. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-7-2—-Requirements for successful storage of cured lamb. To 
develop methods of storing cured lamb that will prevent the develop- 
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ment of a hard, dry condition and excessive mold growth and will 
retain acceptable flavor. 

b-2-7-3—Inheritance of tenderness in meat. To determine the 
degree of heritability and the mode of inheritance of tenderness. 

b-2-7-4—Meat characteristics of lambs representing certain breeds 
and crosses. To effect improvement in yield of preferred cuts, ten- 
derness, ratio of lean meat to bone, and other meat characteristics of 
lambs through studies on certain breeds and crosses. 


C. HISTORY AND EVOLUTION OF THIS WORK 

























In the early 1920’s sheepmen faced problems of improving the 
alatability and grades of lamb meat to meet consumer demands. 
herefore, when the Bureau began this project in 1926, as an aid to 

sheep growers, it dealt with rather general comparisons of those 

qualities of the meat as affected by breeding and feeding. Consid- 
erable attention was also devoted at that time to comparative studies 
on ram and wether lambs. The first processing study in the middle 
thirties dealt with the effects on the palatability of the meat, of eging 
lamb legs in cold storage, and this was followed by research on curing 
and the storage of cured meat. Prominent among other lines of work 
was the study directed toward the characterization of the commercial 
grades of lamb carcasses in definite measurable terms. Still other 
examples of research, as the work continued, were determination of 
the quality of “hothouse” lambs, development of dehydration methods 
during the war emergency, inheritance of tenderness, and the nutri- 
tive value of the protein from the leg and other cuts of the lamb 
careass. One of the later important additions to the research dealt 
with effects of freezing and freezer storage on quality of the product. 
Throughout the work similar studies were made of goat meat. 


D. FUNDS—-ANNUAL EXPENDITURES 






Estimates for early years are difficult to obtain because there was 
one project covering studies of beef, pork, mutton, and goat meat. 
Direct expenditures for meats work varied from about $26,000 in 
1926, when mutton and goat meat studies were initiated, to $29,000 
in 1934. Direct expenditures for mutton and goat meat studies have 
ranged from about $19,000 in 1935 to about $21,000 in 1943. In 
1942 and 1943 emergency funds were made available to the Depart- 
ment for meat dehydration studies, certain phases of which were 
conducted by the Bureau. The total expenditures for those meat- 
dehydration studies were approximately $16,000 and $123,000, respec- 
tively. Expenditures for this mutton and goat meat research have 
ranged from about $21,000 in 1944 to $10,000 in 1950. 











E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 






Discovery of the high value of good pasture for lambs running with 
their dams.—Practically no difference in slaughter-animal or dressed- 
carcass grade was found between lambs fed grain while running with 
their mothers on good grass pastures and others fed no grain. ‘This 
finding proved that it was unnecessary for sheepmen to fatten lambs 
on grain, with resulting savings in feed costs. 
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Development of new methods for carcass evaluation—The compo- 
sition of the rib cut was found to be highly representative of the 
composition of the entire dressed carcass and can be used satisfac- 
torily for estimating the composition of the latter. Dietitians and 
others concerned with large-scale feeding problems are finding in- 
creasing use of this procedure. Moreover, there are strong indications 
that the yield of preferred cuts, including legs, loins, and ribs can 
be used advantageously by the scientific breeder for evaluating 
different lines of breeding with regard to their meat composition. 

Development of reliable method for measuring meat tenderness.— 
A thoroughly reliable laboratory method for measuring tenderness, 
wholly independent of human judgment, was necessary before any 
study involving that factor of palatability could be carried out satis- 
factorily. A device was developed that measures the force in pounds 
required to shear a cylindrical sample of the cooked meat being tested. 
Results obtained with this device correlate well with human judg- 
ment of tenderness but are free from the variability imposed by 
differences in opinion among several judges. The apparatus is ap- 
plicable to other kinds of meat as well as to lamb, mutton, and goat 
meat. 

Discovery of the heritability of tenderness.—With the use of rabbits 
as experimental animals, certain strains were identified that, on the 
average, produced tender meat and other strains that, on the average, 
produced tough meat. ‘These results and subsequent data relating 
to the crossing and back-crossing of the strains are regarded as 
justifying similar experiments to determine like heritable tendencies 
in farm meat animals. 

Development of a method for curing lamb that yields a very desirable 
smoked product. The method consists in a variation of the conven- 
tional sweet-pickle curing procedure, followed by smoking as used 
in curing hams. 

Discovery that frozen lamb, when vacuum-packed, keeps as well at 
1S° as at 0° F.—Indications, therefore, are that the higher, less costly 
temperature may be used instead of the generally recommended tem- 
perature of 0° provided most of the air is removed from the container. 


F. SOME ADDITIONAL WORK NEEDED 


Effects of breeding and crossbreeding of sheep and goats on meat 
guality—Preliminary research indicates that yields of dressed car- 
casses and proportions of different cuts are especially affected by cross- 
breeding. Likewise, tenderness of meat may be associated with vari- 
ous strains, and other variables may also be involved. Intensive re- 
search in this field should result in improvement in meat quality. 

The reaction of lamb meat to air in freezer storage is an example 
of problems in the low-temperature preservation field that need 
further study. Such a study would involve various degrees of exclu- 
sion of air from the meat, different freezing temperatures, and other 
factors, in order to develop better and perhaps more economical 
methods for preserving flavor in frozen lamb and mutton. 

The use of new techniques, such as ultrasonic (high-frequency sound 
waves) and cathode ray irradiation to inactivate enzymes and bacteria 
and to promote other desirable changes in foodstuffs, has been fre. 
quently mentioned. Research on the application of these and similar 
techniques to meats is urgently needed. 
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Dervetorine New anv Improvep Uses For Woon 
(BAIC—RM: a-141—-Federal—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To lay the basis for modification of characteristics of domestic 
wools and mohair, thus enabling them better to meet competition from 
foreign wools and synthetic fibers, current work is concerned with a 
determination of the physical properties of natural wool and mohair 
fibers as a basis for determining what changes take place when the 
fibers are subjected to chemical treatments to produce specific modifi- 
cation of them. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-141-1—Physical investigations of natural and modified wool 
and mohair fibers. ‘To determine the physical properties of wool and 
mohair fibers by optical, X-ray, and electrical methods in order to 
provide a basis for greater commercial utility of these fibers. 

RM: a—141-2—Modification of wool and mohair fibers by chemical 
means. ‘To modify wool and mohair fibers by chemical treatment in 
order to improve their desirability in textiles or other fiber applica- 
tions. 

RM: a—141-3—Mechanical and molecular-kinetic characterization 
of natural and modified wool and mohair fibers. To develop wool and 
mohair fibers having more uniform and superior textile and fiber char- 
acteristics and for more profitable utilization of waste wool and mo- 
hair, through mechanical and molecular-kinetic investigations of 
wool, mohair, and their derivatives. 

RM: a-141-4 (c)—Effect of subjecting wools to moist air for 
various periods of time in various stages of processing upon the qual- 
ity of worsted fabric obtainable from them (contract with a private 
textile research organization). To determine conclusively whether 
worsted fabrics of significantly higher quality can be produced from 
medium-grade wools through the introduction of controlled delays 
between various steps in the processing; if so, to devise means for 
accelerating the desirable changes so as to minimize the actual time 
consumed in delays; and, incidentally, to procure for the benefit of 
other lines of research, authentic and well-characterized samples of 
raw and partly finished wool and the corresponding finished worsted 
goods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The study of wool structure and its possible modification by chemi- 
cal treatment, as a means of extending the range of usefulness for 
domestic wools and mohairs, was initiated in 1948 under the Research 
and Marketing Act. Work was immediately begun on the prepara- 
tion of various chemical derivatives of wool and on the study of their 
structure and properties. New techniques and methods of animal- 
fiber investigation were developed. At the same time, a comprehen- 
sive study of the structure and mechanical properties of wools of vari- 
ous genetic, geographic, and dietary origins was initiated; this is now 
showing satisfactory progress. A contract with a private textile 
research organization was made by the Bureau to cover a study of the 
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effect of subjecting wool to moist air for various periods of time at 
different stages of processing upon its spinnability. This work is 
about half completed, following the schedule set up at the start of 
the work. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures on this project were approximately as follows: Fiscal 
year 1950, $56,000; 1949, $105,000; and 1948, $11,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of wool of improved felting quality—aA chemical 
derivative of wool, produced by reaction with a commercially available 
chemical omnia beta propiolactone, has been made and found to 
have unusual felting properties. ‘This derivative not only felts to a 
greater degree than does untreated wool, but it does so at a much faster 
rate. These laboratory results have been confirmed with commercial- 
scale felting equipment in informal cooperation with a felt manufac- 
turer. The commercial interest in these results stems from the possi- 
bility of reducing considerably the relatively long time required to 
make commercial felts. The same consideration holds for the fulling 
of woolen fabrics, which is a partial felting action that requires long 
periods of treatment. 


F. SOME ADDITIONAL WORK NEEDED 


Fundamental research.—Correlation of the character and arrange- 
ment of the structural elements in wool and mohair fibers with the 
physical and chemical properties of both the individual fibers and the 
finished fabrics woven from them is needed to point the way toward 
increased utilization for domestic wools and mohairs. This work 
should include the separation and characterization of the several 
components of the individual fiber, such as scales and spindle cells. 
The properties of the fiber are influenced by each component; so a 
clear picture of the composite will be dependent upon this work. 

Development of wool fibers having built-in resistance to moths and 
microorganisms.—W ool having permanent resistance to attack by 
moths and microorganisms may result from reaction with proper 
chemicals. These should be sought and means for producing the de- 
sired reactions worked out. 

Development of wool fibers having improved resistance to shrink- 
age.—At the present time there is considerable interest in shrinkproof 
wools resulting from the treatment of wool with chlorinating agents 
or synthetic resins. These products are not entirely satisfactory, due 
to reduced strength, loss of desirable “hand,” or other changed prop- 
erties. A chemical treatment that would reduce the tendency to shrink 


without adversely affecting other properties would materially benefit 
the competitive position of wool. 
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UrmizaTion or Woou Grease AND OTHER Woo. Byrropucts 
(BAIC—RM: a-200—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new industrial uses for wool grease and other wool by- 
products and to develop methods of refining and modification for spe- 
cific uses. Current work concerns the separation of the grease into its 
components and examination of those components. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-200-1—Chemical investigation of the constituents of wool 
grease. To determine the chemical constitution and properties of 
the components of wool grease and to use this information for the 
development of methods for recovery and utilization of these compo- 
nents. While uses for crude grease and the purified wool wax (lanolin) 
have been discovered haphazardly over a long period, and while these 
uses are numerous and important, they do not consume to best advan- 
tage all the wool grease that can be recovered. Hence this study is 
designed to isolate, characterize, and utilize, as chemical intermediates, 
the individual chemical compounds of which wool grease is composed, 
as has been done with coal tar and petroleum. 

RM: a-200-2—Solvent fractionation of wool grease and investiga- 
tion of the fractions. To develop suitable methods for treating wool 
grease to obtain products having more desirable characteristics and 
composition for certain end uses, with special emphasis on the separa- 


tion of fractions having suitable viscosity for use in the preparation 
of scourable sheep-branding paints. 

RM: a-200-3—Chemical engineering investigations on the frac- 
tionation of wool grease. To determine on a pilot-plant scale the 
technical and economical feasibility of methods for recovering the 
components of wool grease separately. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Each year about 150 million pounds of wool grease are 
removed from raw wool in this country. Because the market for the 
grease is limited and the cost of recovery is high, normally only a 
small fraction of this material is recovered and utilized; most of it 
has been discharged into streams as mill waste. Laws prohibiting 
stream pollution, however, are eliminating this disposal outlet, and 
are forcing processors to install relatively expensive recovery and 
storage facilities, the cost of which must be added to the cost of scoured 
wool. Full utilization of recoverable grease could turn recovery 
operations into a source of profit and improve the competitive position 
of wool. In view of this fact, work 46 taaren on this project in 1948. 
As recommended by the Wool Advisory Committee, emphasis is being 
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— on fundamental research. Essential analytical methods are 
eing developed, as well as methods for isolating the components in 
the purest possible form for determination of their physical and 
chemical characteristics. Pilot-plant studies are being made on low- 
temperature solvent fractionation of the crude grease. Information 
gained in this work should contribute to successful commercial separa- 
tion and industrial utilization of wool grease and its components. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this project have been as follows: 1948, $28,700; 
1949, $39,000; 1950, $39,000, 


E. EXAMPLE OF OUTSTANDING ACCOMPLISHMENT 


Scourable branding paints.—The Bureau has cooperated informally 
with the Production and Marketing Administration of the Department 
in producing for field testing a paint that can be used for identifying 
sheep by branding without introducing into the fleece substances like 
tar, pitch, or paint that are difficult to remove from the fiber. This 
branding paint is made from wool grease from which some of the 
harder waxes have been removed and is readily washed out of the fiber 
by ordinary scouring methods. 


F. SOME ADDITIONAL WORK NEEDED 


Water-soluble constituents —Accompanying the grease on the fleece 
is a water-soluble mixture called suint. The total amount removed 
each year is about 250,000,000 pounds, of which little is recovered. 
Suint contains potassium salts of various organic acids and also numer- 
ous nitrogen compounds, some of which have not been identified. 
These potentially valuable suint components should be subjected to 
fundamental study. 

Acids of wool wax.—Some of the organic acids of wool wax have 
properties not shown by ordinary fatty acids. They may be valuable 
for special purposes. There is also uncertainty about the nature of 
these acids. A comprehensive investigation of the character of the 
acids in all types of wool wax is needed. 

Reactions of cholesterol.—The usual processes by which cholesterol 
(a sterol component of wool wax) is converted to useful products, such 
as hormones and vitamins, are complicated and give small yields. For 
that reason, imported vegetable sapogenins are being substituted. 
Further fundamental work on the reactions of cholesterol would un- 
doubtedly broaden its utilization. 


Improvep Metrnops oF CLEANING AND ScouRING GREASE Woot To Y1rreLp 
Improved Freers 


(BAIC—RM: a-372—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To maintain the inherent strength and elasticity of wool fibers and 
to simplify the recovery of wool grease by the development of im- 
proved methods for cleaning and scouring grease wool, so as to improve 
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the competitive position of wool. Current work is directed toward 
the development of new scouring methods that do not injure wool. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-372-1—Study of the soap and synthetic-detergent methods 
of scouring grease wool and the effect of such treatments on wool 
fiber. 

The objectives are to (1) improve the efficiency of scouring processes 
using soap-and-soda or detergent solutions, (2) learn how to prevent 
lowering the quality of the scoured wool through physical and chem- 
ical investigations of the scouring process, and (3) develop improve- 
ments in scouring processes based upon this more complete knowledge. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on scouring of wool was initiated 214 years ago. The 
work is needed because most of the woolen mills in this country scour 
wool by the old procedure of scrubbing in a series of tubs containing 
soap and soda in water. The process is slow; the wool is subject to 
chemical damage by the eltaline solution; and, most serious, the 
waste causes stream pollution. Although methods have been devised 
for recovering grease from the waste, these methods are so expensive 
that, for the most part, the mills have dumped the wash water con- 
taining the grease directly into rivers or other bodies of water. The 
resulting pollution has been serious, and with the present trend to- 
ward enforcement of legislation prohibiting stream pollution, the 
mills are faced with the necessity of devising an economical combina- 
tion of wool cleaning, waste clarification, and byproduct recovery. 
Under present conditions in the textile industry, any additional costs 
incurred in the processing of wool will tend to weaken the position 
of wool in competition with other fibers. 


D,. FUNDS—-ANNUAL EXPENDITURES 


Expenditures on this project for the fiscal year 1950 were approxi- 
mately $10,000, and for 1949, which was the first year of operation, 
they were approximately $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of suint-alcohol scouring process for grease wool.—A 
method for continuous scouring of grease wool with simultaneous 
recovery of byproduct grease has been worked out and demonstrated 
successfully on a laboratory scale. This process utilizes certain con- 
stituents of the impurities in wool, the suint salts, in place of soap for 
removal of the grease. The suint salts are perspiration residues and 
comprise up to 20 percent of the weight of the grease wool. Fundamen- 
tal studies made by the Bureau have demonstrated that the suint salts 
can be made more effective in grease removal when small quantities 
of alcohol are present. Furthermore, the grease is readily recovered 
from the waste as a byproduct. The alcohol is then used over again in 
repeated cycles. As compared with the conventional soap-soda proc- 
ess, this method of scouring should prove to be more rapid, and the 
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equipment should require less space, since a relatively small volume 
of washing solution is used. It is possible that soaps and soda can 
be eliminated from the scouring process, thus lessening the proba- 
bility of alkali damage to the wool. 


F. SOME ADDITIONAL WORK NEEDED 


Further work on the suint-alcohol scouring process remains to be 
done before it is ready for large-scale evaluation. Studies of such 
factors as rate of flow and temperature, as well as experiments with a 
wide variety of wools, should be made. 

Effects of scouring treatment on properties of wool fibers.—It is 
known that the action of strong alkalies is detrimental to the prop- 
erties of wool fibers. The degree of injury to the fibers at alkali con- 
centrations commonly used in soap-soda scouring should be studied, 
and comparisons should be made with fibers scoured by the suint- 
alcohol process. Wool fibers scoured with synthetic detergents and 
also by extraction with organic solvents should also be examined to 
complete the comparative ae: 


DEVELOPING AND EvaLtuatine Fasrics Contarintina Woo. or Known 
Source AND GENETIC ORIGIN 


(BAI, BHNHE—RM : a—427—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the fabrication, felting, and insulating properties 
of different grades and classes of wool from sheep, goats, and rabbits 
of known breeds; (2) evaluate by serviceability tests wool and other 
fibers used for clothing and household articles; (3) stabilize and 
broaden the market for wool by developing textiles containing wool 
fibers mixed with other natural and synthetic fibers. Since 1942 the 
quantity of wool produced in the United States has declined rapidly 
and in recent years less than 20 percent of the wool used in mills, or 
only half of the country’s normal consumption, was of domestic origin. 
Studies under this project. are designed to stimulate a larger produc- 
tion of good wool or, in the interim, to extend our present domestic 
supplies. Current work includes the testing, sorting, carding, and 
combing of wool from sheep of known origin, and finding what char- 
acteristics in wools are associated with the best product. Determina- 
tion is sought of the serviceability of men’s utility suitings made from 
coarse western wools not now used generally for clothing purposes, 
as well as that of fabrics made from mixtures of wool and synthetic 
and natural fibers. Recently, investigations were begun on the differ- 
ences between Australasian and American wools of comparable grades 
to judge their importance and if necessary raise American wool stand- 
ards to meet competition from imported wools. 


Bb. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-427—-1—Comparative serviceability of wool and part-wool 
suitings. To determine, through serviceability studies, the usefulness 
of suitings made entirely of wool of different grades and the effect 
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on the wearing qualities and consumer acceptability of the fabrics of 
replacing part of the wool with other fibers. 

RM: a—427-2—Effect of aging of wool a various stages of manu- 
facture on the serviceability of the fabric. To discover the effect of 
aging, following the primary processes of manufacture, on the useful- 
ness of the fabric to the consumer. 

RM: a—-427-38—Physical properties of apparel wools from animals 
of known breeding in relation to fabrication, felting, and insulating 
uses. ‘To determine the fabrication, felting, and insulating properties 
and the relative usefulness of different types of apparel wools from 
sheep of known breeding and to identify and describe breed lines and 
flocks of sheep in terms of the fabricating, felting, and insulating prop- 
erties and the relative usefulness of their apparel wools. 

RM: a-427-4—Properties of blanket and rug wools of known breed- 
ing and history in relation to their use for fabrication, felting, and 
insulation. To determine the relative usefulness of wools suited for 
making blankets and rugs from sheep of recorded breeding and to 
identify und trace individuals, strains, and flocks of sheep with such 
properties, and the relative usefulness of their blanket and rug wools. 

RM: a-427-5—Properties of mohair of known breeding which con- 
tribute to its use in fabrication and insulation. To determine the 
physical properties of mohair with respect to fabrication insulating 
properties and the relative usefulness of different types of mohair 
from goats of known breeding and to identify individuals, strains, 
and herds of Angora goats with respect to these properties. 

RM: a—427-6—Studies of the properties of Angora rabbit wool of 
known origin and history with respect to its use in special fabrication 
and for its insulating properties. To determine the fabrication and 
insulating properties and the relative usefulness of commercial types 
of Angora rabbit wool from rabbits of known breeding and with dif- 
ferent physical properties; to correlate these properties with the use- 
fulness of wool, and to identify individuals and strains of Angora 
rabbits with respect to the properties and usefulness of their wool. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Faced with a rapid decline of demand for domestic wool, which has 
been decreased by 50 percent since the peak year of 1942, sheep growers 
asked for aid thiroagh Federal research in finding ways of extending 
the usefulness of wool and improvement of its quality. Upon recom- 
mendation of the RMA wool advisory committee, the present project 
was begun on July 1, 1948. Some preliminary findings were avail- 
able from a short-term project conducted from December 1947 to 
July 1948 on the relation of genetic factors to the market value of 
wool. In cooperation with other bureaus of the Department, work 
has been conducted on determination of such qualities as elasticity, 
warmth, resiliency, absorbency, and insulating ability of various 
grades and types of wool and mixtures of wool and other fibers. Fab- 
rication, felting, and other commercial usefulness of different types 
of apparel wool are being investigated, and studies are under way to 
find means of improving both quality and quantity of wool through 
breeding, feeding, and management. ‘Equipment for measuring fleeces 
for clean wool fiber has been installed and is in use. 
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D. FUNDS—-ANNUAL EXPENDITURES 


BAI expenditures for this project including the preliminary work 
in the fiscal year 1948, have been as follows: 
Fiscal year 1948__ 
Fiscal year 1949______- Be 
COE: SOR I Siinice dein tidcna eeneccrt eae 


BHNHE expenditures: 


_-. $40, 300 
46, 200 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of new and effective procedures for analyzing the use- 
fulness of wools of individual animals, strains, and families of sheep. 
These analyses form a guide to the breeding of sheep that will produce 
fleeces of greatest value and commercial usefulness. They were made 
by study of 12,000 fleeces from sheep on experimental ranges. 

Research has not reached the point of practical application in most 
instances under this comparatively new project. Promising results 
are being obtained, however, from studies of means of improving do- 
mestic Merino wool to meet standards of such wool from Australasia, 
wool carding experiments, investigations of properties and increased 
commercial use of Angora goat and Angora rabbit wool, and effects 
of aging wool at various stages of manufacture. Marked improve- 
ment of wool-bearing animals through selective breeding and nutri- 
tional feeding is expected. 


F. SOME ADDITIONAL WORK NEEDED 


Improvement should be made in wool fabrics for freedom from ob- 
jectionable wearing qualities such as harshness and skin irritation to 
the end of making wool fabrics more pleasing and attractive to the 
wearer. Such a program would involve the identification of the de- 
sirable and undesirable wools and provide information on the sources 
of these various wools so as to eliminate production of the undesirable 
and to ay se. try abundantly the most desirable. This program 


should also include searches for improvement in the wearing qualities 
of wool fabrics by the modification of the wool fibers through the 
application of physical and chemical een and in the blending 
of wools of various properties with each other, or with other fibers. 

Identification should be made of the felting properties of various 
wools to discover those wools most desirable for felting and their pro- 
duction source, and to develop methods of processing or blending 
various wools to enhance their usefulness for felting. 

Measurements should be made of the various properties of wools 
that contribute to their desirability for insulation by physical deter- 
mination of resiliency. Wools of recorded origin should be used so 
that variations in insulating properties may be traced to their source. 

The potential usefulness of various wool fibers for clothing and 
household furnishings has never been fully examined. Similarly, the 
effect on serviceability and warmth properties, of substituting other 
fibers for wool for garment fabrics and bedding, needs investigation. 
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BROADENING THE Use or Monarr Fiver 
(PMA—RM: c-461—Federal—RMA Funds) 
(Contract) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To expand the market for mohair fiber (the fleece of the Angora 
goat). Currently, the work entails determination of what uses ac- 
count for most of current demand for mohair, the outlook for these 
markets, and development of new mohair textiles which will help to 
broaden the demand and decrease the fluctuations in this demand. 
Specifically, the objectives are: To survey the current market for 
mohair and determine those parts of the market for textiles into 
which mohair might gain entry or increased use; to develop suitable 
new types of yarns, fabrics, and finished products to fit these probable 
potential markets, and to present these products and their technical 
and economic advantages to the trade for its consideration; and to 
evaluate the potential markets for the products and the changes needed 
in marketing methods to realize the potentials. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Due to the specialized nature of this project and the method of 
conducting the work, there has been no need for separate line projects. 
The entire project is being carried out by contract with a private 
agency, financed jointly by the Department and the ‘Texas Sheep and 
Goat Raisers’ Association pursuant to a cooperative agreement. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project arose out of the problems raised by a disastrous drop 
in mohair prices shortly after World War II, and the subsequent 
request by the producers of mohair for assistance. Mohair fiber is 
a specialty fi»er which has always fluctuated widely in demand. It 
is extremely durable and was the preferred fiber for automobile, bus, 
and train upholstery up until World War II. It was also preferred 
for furniture upholstery until recent years. Because of its luster and 
resilience, it also found a considerable market in blends with wools 
for tropical worsteds and for some types of overcoatings. However, 
style changes and competition from synthetics and cheap coarse wools 
hit all these markets simultaneously shortly after the war. Prices 
of Texas adult mohair dropped from 65 cents per pound in April 
1947 to 38 cents in the spring of 1948 in spite of a drop in production 
of about 15 percent. The Texas Sheep and Goat Raisers’ Association 
asked the Department for aid in improving the market, raised $10,000, 
and placed it on deposit with the Department to meet one-third of 
the cost of this project. A contract was made in June 1949 with a 
private firm which had the services of an experienced textile engineer 
to survey the market and develop new fabrics. Under this contract, 
work has proceeded on the development and sample production of 
new mohair textiles designed to supply markets revealed by a prelim- 


inary survey. The contract calls for completion of the work by June 
1951. 
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D. FUNDS—-ANNUAL EXPENDITURES 


There was no money obligated in fiscal year 1950 under this project. 
The entire contract cost of $30,000 was obligated in 1949, of which 
$10,000 was from the Texas Sheep and Goat Raisers’ Association, and 
$20,000 from Research and Marketing Act funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The initial survey indicated that the proper blends of mohair and 
other fibers could probably break into a number of markets in which 
mohair was never very important, and that in these markets, mohair 
blends might fit into a medium-price range between synthetics and 
the wools, not adequately covered by any fabrics at present. The 
contractor was able to design blends that appeared suitable for all 
these uses, and proceeded with the production of sample products 
made from these fabrics. Several fabrics already show so much prom- 
ise that elements in the trade have taken an active interest. One is 
a corduroy, using an all-cotton warp and a pile of a 50-percent blend 
of mohair with rayon. The pile on this corduroy, unlike that on other 
corduroys, is resilient and does not stay flattened out. A manufacturer 
of this type of cloth is sufficiently impressed with its superiority that 
he has already undertaken further development work on his own. 
Another promising product is a child’s sweater which promises to 
appeal to the higher-class trade because of better appearance than 
many others now on the market and because, unlike the better sweat- 
ers now available for children, it appears that it will be fully wash- 
able. The buyer of one of the larger New York department stores 
is actively interested in this item. Several other fabrics look almost 
as promising, although the work is still not sufficiently far along to 
present them to the trade. It appears probable that the trade will 
take up some of these mohair textiles and the way may be shown to 
producers to develop more outlets on their own, when necessary. 


F. SOME ADDITIONAL WORK NEEDED 


This is an exploratory project in part, and in part a demonstra- 
tion to producers of the sort of action needed to maintain a market 
for a textile fiber under today’s competitive conditions. Some of 
the newly developed products may have a long-time stable demand, 
but past history indicates that in today’s textile market continued 
demand for a given fiber cannot be taken for granted. Continuous 
research may well be needed to keep up with style and other changes 
in the competitive market for fibers. Much of this may best be done by 
the producers themselves. The end results of this project may reveal 
what further types of research Government agencies may need to 
undertake. 


CROSS REFERENCES——UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BAI—RM: a-510, Chapter 1, processing and utilization of animal fats and by- 


products. 
BAIC—RRL-—+-7, Chapter 1, utilization of fats and oils. 
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BDI—a-5-7, Chapter 2, phosphatase test for goat’s milk. 


aoa Chapter 25, properties of fabrics as related to selection, care, 
and use. 


BHNHE—b-3-7, Chapter 25, clothing and household textile articles. 


wae a-341, Chapter 25, family utilization of clothing and household 
textiles. 


C. MARKETING 


Researcu, Service, anp Epucatronat ASSISTANCE FOR Woo. AND 
Mowarr Cooperatives 


(FCA—a-1-6—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The Department is authorized by Public Law 450 of the 69th 
Congress to conduct research, service, and educational work designed 
to benefit producers through their cooperative associations in the 
marketing of their wool and mohair. Current work is concerned with 
the development of more efficient marketing through collecting and 
disseminating information on problems relating to wool and mohair 
cooperatives. Among these problems are found those dealing with 
organization, policies, merchandising, costs, competition, membership 
relations, preparation for market, grading, handling, financing, proc- 
essing, warehousing, and sampling. 


B, CURRENTLY ACTIVE LINE PROJECTS 


a—1-6-10—Cooperative marketing of wool in the United States. To 
prepare for publication an educational bulletin on cooperative wool 
marketing. 

a—1-6-11—Analysis of operations and financial condition of fede- 
rated wool cooperatives. To stimulate interest in greater efficiency in 
cooperative wool marketing by publishing information on costs, mar- 
gins, and financial condition of over 20 large-scale wool marketing 
cooperatives. To demonstrate the value of cooperatives maintaining 
uniform accounting records and to show the results of cost-reducing 
methods of wool marketing. 

a—1-6-12—Auction marketing of wool by cooperatives. To collect 
and disseminate information on the feasibility, need, and procedures 
for auction wool selling by cooperatives. 

a—1-6-13—Cooperative wool processing. To collect and disseminate 
information on the possibilities, needs, costs, and procedures for proc- 
essing of wool by cooperatives. 

a—1-6—-14—Improvements in preparation of wool for marketing 
through cooperatives. This work is supplementary to technical re- 
search, conducted mostly under RMA contracts with cooperatives and 
in cooperation with PMA, to facilitate the arrangements for the 
work and the dissemination of the results obtained. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Recorded history of wool cooperatives dates back to the 1870’s when 
the first local informal wool pools were organized. There was a 
gradual expansion of these pools and there are now well over 100 of 
these organizations in existence in the United States. The first large- 
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scale wool cooperative was organized in 1909. The period of 1918-22 
after World War I, with its undesirable wool marketing conditions, 
led to the organization of over a dozen State and regional wool 
cooperatives. 

The passage of the Agricultural Marketing Act of 1929 and the 
creation of the Federal Farm Board to establish producer-owned 
cooperatives caused the formation of 17 new large-scale wool market- 
ing cooperatives. At the request of the large-scale wool cooperatives, 
plans were formulated for federating these associations into the Na- 
tional Wool Marketing Corporation with headquarters at Boston, 
Mass. The national organization was established in 1929 to provide 
financing, sales, and research service for State and regional wool mar- 
keting cooperatives. At the present time there are 27 large-scale wool 
cooperatives in the United States in addition to local wool pools. 
These organizations market about one-fourth of the domestic shorn- 
wool production. 

A minor amount of work was done on cooperative wool marketing 
prior to the passage of the Cooperative Marketing Act of 1926. In 
1929 USDA Technical Bulletin 124 covering a 2-year study of wool 
marketing in Australia, New Zealand, South Africa, England, and 
France was published. 

Service and educational work dominated the activities of the project 
from 1929 to 1935 but with more time available for research, FCA 
Bulletin 33, Cooperative Marketing of Fleece Wool, and Circular 
E-10, Using Your Wool Co-op, were published; also an educational 
movie, Cooperative Wool—From Fleece to Fabric, was developed for 
showing by 1939. A study of western wool auctions was completed in 
1941 (FCA Special Report 86). During the war a project designed to 
conserve jute and railroad car space through baling wools was under- 
taken and results of this work published (FCA Special Report No. 
99, 1942). Early in World War II the Army Air Corps assigned to 
the Department the responsibility of securing increased production 
of shearling pelts to make flying suits for aviators. This project was 
successfully carried out by setting up State committees to work with 
producers and by coordinating the work of the producer committees 
with manufacturers and the Army Air Corps at Wright Field, Dayton, 
Qhio. In 1946 an analysis was made of the marketing of the 1944 
Wyoming wool clip under the CCC wool purchase program (FCA 
Miscellaneous Report No. 98, 1946). Two cartoon type educational 
leaflets were printed to encourage better wool production and better 
preparation of wool for market. 


D, FUNDS--ANNUAL EXPENDITURES 


Only one full-time wool specialist has ever been employed for this 
project. Approximately 10 percent of the time of two economists and 
25 percent of the time of a clerk-stenographer have, on the average, 
been devoted to work with wool and mohair. It is estimated that 
$7,500 per year covered these costs prior to World War II and $10,000 
per year since that time. About one-fourth of these funds are spent 
for travel and per diem. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Gains in cooperative marketing of wool.—Durin ng the past several 
years wool cooperatives have handled an average of about 25 percent 
of the Nation’s shorn wool production, compared with an average of 
approximately 5 percent handled prior to 1930. This project has been 
beneficial to wool growers through helping improve marketing condi- 
tions. Competition injected by the cooperatives has benefited mem- 
bers and nonmembers alike. 

Assistance in the organization and integration of successful coopera- 
tives.—Assistance was given in the organization of 17 new large-scale 
wool marketing cooper atives. T wenty-four of the State and regional 
wool marketing cooperatives utilize the facilities and services of the 
National Wool Marketing Corporation as a joint sales agency. ‘The 
organization plans and papers for the National Wool Marketing Cor- 
poration were drafted by the Department in consultation with leading 
wool producers. 


F, SOME ADDITIONAL WORK NEEDED 


Continuation of currently active line projects —It is believed that a 
continuation of work along the lines discussed will assist producers 
through improving wool marketing methodology. 


MarkKetine MetHops ANp Practices ror Woo. 
(PMA—Federal—Marketing Farm Products) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the marketing of wool and reduce costs by (1) develop- 
ment of a quick, reliable, and scientific method of iitaconee the 
shrinkage of grease wool; and (2) development of a scourable sheep 
branding fluid which will remain legible and durable upon the sheep 
for a full wool-growing period of 1 year and which still will be easily 
removed in the regular wool-scouring process. This would eliminate 
the problems inv olved in paint removal during processing and would 
enhance returns to growers. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


1. Improvements in sampling of greasy shorn and greasy pulled 
wool, in bales, bags, and piles in preparation for determination of 
shrinkage. 

(a) Improvement of present core-sampling tools and techniques 
for grease wool in bags. 

(6) Development of new tools and techniques for sampling grease 
wool in piles. 

(¢) Development of convenient and accurate methods for testing 
entire bags of wool. 

2. Development of improved laboratory techniques and procedures 
Me shrinkage determination. 
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(a) Development of improved blending and subsampling pro- 
cedures for large samples, including development of pressure coring 
tubes for subsampling laboratory samples. 

(6) Development of methods for scouring and drying entire 
samples. 

(c) Development of a rescour technique, a procedure whereby the 
wool samples are scoured and dried, then opened and scoured again 
prior to laboratory analysis, in order to arrive at greater accuracy 
and stability in shrinkage results. 

3. Development of a practical and generally acceptable standard 
for clean wool. 

(a) Demonstration of failings and inadequacies of the present 
standard or definition for clean wool. 

(6) Demonstration of advantages of the proposed rescour defini- 
tion for clean wool. 

4. Testing the use of fractionated lanolin and lanolin-rosin mixtures 
as bases for scourable paints and development of additional workable 
colors.—The present paint based upon raw lanolin hardens unduly 
in cold weather; hence, refinement and testing of other formulas are 
under way. Also, colors in addition to red and black are being tested. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Wool as shorn from sheep is termed “grease wool” and contains 
large quantities of natural grease, dried perspiration, sand or soil, 
and different kinds of vegetable matter. These extraneous substances 
must be removed from the wool before it can enter manufacturing 
processes. It is estimated that the loss which occurs in cleansing 
domestic wool ranges as high as 78 percent and as low as 52 percent, 
and this loss is known in the trade as “shrinkage.” The shrinkage 
of grease wool influences its value more than any other factor. An 
illustration of the importance of shrinkage as a price-determinin 
factor is seen when Fine Territory wool selling at $2 per shone 
pound decreases in grease value 2 cents per pound for each 1 percent 
increase in shrinkage. A small error in estimating the shrinkage 
on a clip of wool, therefore, may cost the grower considerable money. 

The development of methods for the sampling of large lots of wool 
and for testing these samples was begun in 1938. <A hand-sampling 
method first was developed, but this was found to be partially subject 
to personal bias. Later, a mechanical core-boring method was de- 
veloped and this has proved practicable and accurate. By 1946, the 
field sampling and laboratory testing procedures had progressed to 
the point where the core-boring method was made the basis for settlin 
disputes between growers and appraisers who were evaluating bal 
for purchase by the Government under the CCC wool- purchase pro- 
gram. In the 1947 CCC wool-purchase program, the core-boring 
procedure was adopted as the sole method of appraisal for lots larger 
than 10 bags. 

Many of the sampling and testing procedures developed by the De- 
partment have been accepted by wool laboratories throughout the 
United States and the world. 

For identification on the range, wool growers must brand their 
sheep. In the past it has been customary to mark sheep with paint 
or tar. However, the use of such materials resulted in manufacturing 
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difficulties, added processing charges, and often in damage to the 
finished cloth. These exta costs are reflected back to growers in the 
form of reduced prices. 

Work on scourable branding fluids began in 1942. Preliminary 
experiments were carried on in 1942 and 1943 and field trials began 
in 1944. Final field trials were made in 1948-49. The wools branded 
with scourable paint in the early summer of 1948 were shorn in early 
summer of 1949. Arrangements then were made for testing scourabil- 
ity in ordinary commercial mill operations. The mill tests were con- 
cluded in March 1950 and proved the branding fluid to be completely 
scourable. However, while a successful scourable branding fluid has 
been developed, it is necessary to test suitability of new formulas to 
overcome difficulties involved in applying the original formula paint 
in cold weather. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Since this work was initiated, the average annual expenditure has 
been approximately $11,000, with only minor fluctuations from year 
to year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


E'stablishment of accepted methods for sampling and testing do- 
mestic wool, including the development of workable tools—This is 
a comprehensive accomplishment covering a multitude of smaller de- 
tails. The work has demonstrated that large clips can be represented 
accurately by sample bags, that these can be represented by sample 
cores, and that the final laboratory results are more reliabje than 
any other method of wool shrinkage and value estimation available 
ra. Hy While the dollar value to growers of this development cannot 
be determined, it is probable that the core-testing procedure has saved 
growers hundreds of thousands of dollars annually. Moreover, this 
scientific method of shrinkage determination makes its possible to 
evaluate each lot or clip correctly and equitably. 

Development of the sodium hydroxide method for determination 
of vegetable matter in wool.—A. technique using a sodium hydroxide- 
sodium hypochlorite solution first was developed. Further experi- 
mentation indicated, however, that the sodium hydroxide method was 
more rapid and economical and equally accurate. This latter tech- 
nique now has been adopted as the official method of the American 
Society for Testing Materials. It also is being used in England and 
Australia. 

Development of a standard method for determination of ash in 
scoured wool.—When CCC began purchasing wool on the basis of 
core-test results for shrinkage, it became necessary to develop ac- 
curate techniques for determining ash in wool, since ash accounts for 
a very material proportion of the impurities. A method was de- 
veloped which has been accepted in wool laboratories and aiso has 
been adopted as official by the American Society for Testing Materials. 

Development of a scourable branding fluid—This not only en- 
hances the competitive status of domestic as compared with foreign 
wools, but it also will result in material savings to wool growers. 
The mill which undertook the testing of the paint estimated savings 
of approximately 3 cents per clean pound to the firm if all of their 
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wools had been branded with the scourable paints. On the basis 
of the present American production, this development apparently has 
a potential commercial value of several hundred thousand dollars 
annually. 


F. SOME ADDITIONAL WORK NEEDED 


Improvements in ash testing are needed—The standard method 
suggested by the Department has been accepted by the American So- 
ciety for Testing Materials. However, the technique still is awk- 
ward, long- drawn- out, and unwieldy. ‘An apparatus should be de- 
veloped which will turn out ash tests far more quickly and with 
greater accuracy than is obtained at present. 

Research in moisture testing—The entire wool industry recog- 
nizes that its moisture-testing methods involve a considerable ele- 
ment of uncertainty and arbitrary decision. Research work is needed 
to put moisture testing upon a completely satisfactory and scien- 
tific basis. 

Development of anew and quick method for estimating clean-wool 
content in wool.—This field of endeavor, which aims at determining 
the percentage of clean wool on the basis of the nitrogen content, 
would represent a complete break with old and traditional methods 
of wool analyses. The final results would be obtained in one analy- 
tical step instead of the customary four. Promising results have been 
obtained so far; however, the method still needs further work for 
perfection. 

Field testing of modifications made in the scourable branding-paint 
formula and testing of new colors —The original formula paint is un- 
satisfactory when applied in cold weather. “Improvements have been 
made, but field tests are necessary to check performance. 


PREPARING AND Processinc Woou ror MARKET 
(PMA-FCA—RM : c-93 and 252—Federal-State—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this research is to determine ways and means of 
increasing the net returns to domestic wool growers and to improve 
the « -ompetitive position of domestic as wainst for eign wools, through 
better preparation and processing of wodie for market. Specifically, 
the present project seeks to determine (1) the economic advantages to 
growers of various improved methods of preparing and marketing 
wools, including grading, skirting, and processing; (2) the most eco- 
nomical place—ranch, interior warehouse, or central market ware- 
house—to carry out the preparation work; (3) general market accepta- 
bility of preparation work done on ranches or in interior warehouses ; 
(4) advantages to growers of selling tags, offsorts, and short wools 
in scoured rather than in the grease state ; (5) advantages of any other 
feasible means of marketing wool by growers, including partial proc- 
essing, such as combing; (6) effects of tags on cli value; (7) effect 
of black wool fibers and jute contamination on woo value; (8) devel- 
opment of better packaging materials and methods. 

The research work covered herein is carried on cooperatively by 
the Production and Marketing Administration, under authorization of 
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project RM:c-93, and the Farm Credit Administration, under 
authorization of RM: c-252, in cooperation with various growers in 
nine States interested in improved wool marketing. 


B. CURRENTLY ACTIVE PROJECTS 


RM: c-93—Preparation of wool clips at ranches, concentration 
points, and warehouses; processing of experimental lots. The inves- 
tigations under this project cover feasibility of ranch grading and 
skirting, interior warehouse grading of clips, marketing tags and off- 
sorts in scoured state, and processing small lots from. experimental 
clips, all to determine relative returns to growers from marketing 
prepared : and unprepared wools. 

RM: c-252—Field study on preparation of wool for marketing 
through cooperatives. The investigations under this project supple- 
ment those outlined above under project 93. Whereas PMA works 
through State colleges with wool growers, the Farm Credit Adminis- 
tration works with growers through wool marketing cooperatives, and 
in this way increases the scope and broadens the nature of the research. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Wool growers had long recognized the fact that domestic wools were 
poorly prepared and marketed in comparison with foreign wools. As 
long ago as 1914 an attempt was idler in Wyoming to ‘introduce the 
Australian system of wool preparation. However, resistance to 
change on the part of the wool trade and technical difficulties com- 
bined to make the experiments unsuccessful. 

Traditionally, the wool grower has shorn his flock, often of mixed 
breeds and ages, and has thrown the fleeces indiscriminately into bags 
regardless of variations in fiber diameter, staple length, and other 
physical characteristics; tags and offsorts generally are packed with 
the wool. This procedure may be likened to the process of putting 
different varieties and sizes of potatoes into the same bag, together 
with some dirt. 

The economic consequences of this method of operation during the 
first step in wool marketing are that the buyer not only must estimate 
the amount of wool and the amount of foreign material in each bag, 
but also the approximate proportions of eac h quality and of offsorts. 
These estimates necessarily must be in the buyer’s favor to insure 

against loss and to cover expensive preparation in a central market. 

“Unless there is an abnormal demand for wool, therefore, the grower 
pays a heavy penalty for careless preparation of his product fer mar- 
ket. Moreover, domestic wools so prepared cannot meet the competi- 
tion from well prepared and packaged foreign wools. The United 
States Tariff Commission estimated a difference in value in favor of 
foreign wools amounting to 12 cents per scoured pound during the 
period 1924-35 ; in the period 1936-39 the spread was estimated to have 
been 11 cents per pound. This is due to the poorer preparation and 
the manner of marketing domestic wools. 

The present program was started in 1948. Under project RM: b- 
WM.-5, nine Western States had initiated a research program to eval- 
uate possibilities for improving wool marketing. PMA signed mem- 
oui of understanding with each of these nine States, providing that 
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the colleges will arrange for cooperation by growers and warehouse- 
men, and PMA will supervise the preparation of clips, determine mar- 
ket acceptability of work done, and arrange for any processing agreed 
upon. BAKE cooperates with the nine States by analyzing central mar- 
ket practices in handling wool. 

The work in 1948 which involved cooperation with only three of 
the nine States, contemplated grading and skirting wool on ranches. 
After 1 year, however, it was found that skirting of the fleeces, i. e., 
removal of belly wool and offsorts, was an uncertain and complicated 
operation to undertake at the outset of the program. Skirting meant 
that the individual grower had many small lots of off wools to dispose 
of and it became evident that the discount on these wools might out- 
weigh the premiums received for better preparation, unless ways and 
means were found to combine or pool the small lots. Consequently, 
the following year, 1949, skirting of fleeces was eliminated, the idea 
being that the primary step in better preparation of wool clips for 
market, namely fleece grading, should be the first to be tested for prac- 
ticability, quality of work, and costs. If the ranch grading proved 
successful from the growers’ standpoint and if the results proved gen- 
erally acceptable to the trade and industry, ranch or interior ware- 
house skirting again might be subject to investigation. 

During the spring of 1950, growers in several States were showing 
an increasing interest in combing a portion of their clips selected at 
random, in order, first, to obtain information regarding specific qual- 
ity of the wools and, second, to determine relative returns from sell- 
ing wool in the grease as against selling identical wools in processed 
form. At the same time, much interest also developed in a program 
of scouring and pooling the tags and offsorts from the prepared clips 
in order to determine the possibility of enhancing clip returns from 
this method of operation. 


D. FUNDS-—-ANNUAL EXPENDITURES 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The study has shown wool manufacturers that wool preparation 
on ranches, such as grading, can be accomplished so as to meet their 
requirements in processing operations. This finding already is grad- 
ually overcoming decades of prejudice against any wool preparation 
work done outside the Boston area oa outside commercial ware- 


houses. The value to wool growers of having ranch-prepared wool 
accepted by manufacturers is about one-half cent per pound since it 
would cost 1 cent per pound to grade wool in a warehouse. If all the 
ranch wool in the United States were graded on the ranches this would 
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mean an additional annual return to growers of several hundred thou- 
sand dollars. 

The study has served to point out to wool growers the minimum 
Ree ene light, bins, labor, etc.—necessary for efficient and 
proper ranch preparation of clips. Observations indicate that some 
growers already are rearranging shearing facilities to permit economi- 
cal and acceptable preparation. The study further shows that with 
adequate facilities, ranch grading can be accomplished at a cost aver- 
aging approximately one-half cent per pound. 

Results of the work to date show that the net savings to growers 
from effective ranch preparation of clips is contingent upon the re- 
turns obtained from offsorts. It has been found that eent from 
several ranches must be pooled and sold as one lot in order to gain full 
advantage from the work done. Preliminary data also show that the 
offsorts probably should be secured in order to bring maximum returns 
to growers. 

Information obtained to date indicates that wool growers can 
gain materially from efficient packaging of wool at time of shearing. 
Figures for 13 experimental clips in 1949 showed a difference in weight 

er bag of over 100 pounds, with essentially the same grades of wool 
involved. The difference in cost of bags, handling, weighing, coring, 
etc., in favor of the well packaged clip amounted to approximately 1 
cent per grease pound. 


F. SOME ADDITIONAL WORK NEEDED 


More competitive buying practices needed —So far most clips have 
been purchased individually, often without benefit of any competitive 
bidding. The buying may be done by local representatives of eastern 
firms or the wool may be consigned to Boston for sale. Any deviation 
from this more or less noncompetitive wool buying procedure always 
has met with strong opposition from some in the wool trade. 

However, the growers have no specific information upon which to 
base any changes in selling methods. It would be of considerable 
economic importance to wool growers, therefore, to initiate a program 
of better preparation of their clips and experimental selling at certain 
interior concentration points, either on the basis of open auction or 
sealed bids. With better preparation of domestic clips and with com- 
petitive buying, not only should the wool grower gain in net returns, 
but market advantages now enjoyed by foreign wools would be less- 
ened very materially. 

Data needed on ways to market offsorts and short wools.—In addi- 
tion to development of improved preparation and selling methods for 
the main sorts and for the better qualities of individual clips, work 
should be undertaken on the problem of handling and marketing off- 
sorts and short wools. With better preparation, such as grading, the 
grower is faced with the problem of how to dispose of small lots of 
offsorts without too much discount. Pooling and scouring these lots 
appears to be a solution, but specific factual data are necessary to 
initiate such a program on a broad scale. 
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DerveLOPMENT, PROMULGATION, AND DistrisuTION oF Woot, Woot Top, 
Mouair, AND Monarr Top STanparps 


(PMA—Marketing Farm Products—Federal) 


A. PURPOSE AND NATURE OF CURRENT WORK 


This work is intended to develop and improve standards and grades 
for wool, wool top, mohair, and mohair top, primarily on a visual 
basis. Such-grades and standards aid growers in classifying and 
marketing their product; make available official grades and standards 
used by dealers, manufacturers, and producers; facilitate national and 
international trading and procurement of wool and mohair by defense 
agencies ; and assist the Customs Bureau in tariff matters. 


B. CURRENTLY ACTIVE LINE PROJECTS 


1. Development of visual grease wool market grades.—This work 
consists of development of approximately half-pound samples rep- 
resenting the fineness, length, and other characteristics demonstrating 
the principal market classes of wool : Fine, Half Blood, Three-eighths 
Blood, Quarter Blood, Low Quarter Blood, Common, and Braid. 
These practical forms will reflect the range of fineness normally found 
in the respective commercial grades. 

2. Development of market grades for mohair.—This work consists of 
development of visual grades for use in classifying mohair. Seven 
grades for both spring and fall shorn mohair have been tentatively 
established. Following general acceptance of the prepared grades by 
the trade and by producers, official standards will be established. 

3. Development of improved sampling and measurement methods 
for wool, wool top, mohair, and mohair top.—This work is necessary 
owing to technological advancements in the textile fields. It will as- 
sist in developing quantitative specifications for important physical 
characteristics such as fineness, length, crimp, strength, elasticity, 
color and luster for grades of wool, mohair, and top. Special attention 
is given to more rapid measurement methods with reference to fine- 
ness, distribution, length, and other physical characteristics important 
in the evaluation of the commodity. 

4. Preparation and distribution of official wool, wool top, and mo- 
hair standards.—This work consists of selection and preparation of 
samples for ready reference by the trade, manufacturers, growers, cus- 
toms officials, commodity exchange, wool top exchange, and others, 
representing the official grades of wool, wool top, and mohair, as 
promulgated by the Department of Agriculture. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Existing visual wool and wool top grades based on fineness of fiber 
were promulgated in 1926; and in 1939 grades of wool top with 
quantitative specifications were established for grades 80s to 50s in- 
clusive. Wool top grades 48s to 36s are visual; quantitative speci- 
fications for these and also for mohair and mohair top are lacking. 
Proposed visual market grades for wool are being promulgated. 
Visual market grades for grease mohair have been promulgated. 
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Technological advancement in wool manufacturing meanwhile have 
brought about a real need for continued effort to develop quantitative 
specifications and improve methods of sampling and testing. The 
present standard specifications for wool top grades 80s, 70s, 64s, 62s, 
60s, 58s, 56s, and 50s need revision because of changing practices in 
processing and methods of preparing wools and changes in spinning 


machinery. Wool top grades 48s to 36s are visual and need to be de- 
fined quantitatively. 


D. FUNDS—-ANNUAL EXPENDITURES 


Approximately $10,000 was available annually for this activity from 
its inception until 1942. In 1942 the amount was increased to $27,000 
and since then has averaged about this amount each year. The 
amount available for 1950 was $34,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The market grades for wool and mohair being developed are the 
basis for a service of inestimable aid to growers in guiding them to- 
ward (1) better classification for improved preparation of their wool 
clips for market and (2) their better estimation of the value of the 
clips, thus placing them on a more nearly comparable competitive 
level with wool buyers. 

The accomplishments in the preparation and distribution of prac- 
tical forms for official wool, wool top, and proposed mohair st inate 
are of a continuous nature, orders being filled as requested. 

A film strip which consists of 5 known mean diameter and vari- 
ability expressions for 13 grades of wool from 80s to 36s has been 
developed. The expressions have been photographed onto a 35-milli- 
meter film strip which contains a total of 85 examples. It was develop- 
ed for use and distribution to the trade, testing laboratories, ag- 
ricultural experiment stations, and those doing research, testing, and 
grading work. It permits rapid estimating of fineness and variability 
in wool or wool top. This film strip not only will permit mere speed 
in fineness measurements, but it will mean very material dollar savings 
to those who employ it. 

A significant proportion of the sampling and measuring work per- 
formed under this project is basic to and supplements the development 
of quantitative specifications under RMA project 359. 

Development and refinement of wedge scales used in fiber measure- 
ment ware gave impetus to wool grade study all over the world. The 
origin by Lauth of Germany and introduction by Von Bergen into 
this country of the wedge method of fiber measurement freed in- 
vestigators from the laborious task of direct microscopic measurement 
of fibers. The early wedge, of cardboard or paper, was limited in 
scope unless saat on a long, unwieldy strip. The Wool Division 
developed an improved scale by increasing its length to make it 
applicable to all the grades from fine to coarse, and yet shortening 
the strip by telescoping the wedge. 

A further improvement on the wedge was later made by the Wool 
Division by imprinting the class intervals on the strip, thus speed- 
ing the determination of the frequency distribution of the fibers. 
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At the request of leaders in wool fiber research for a standard scale, 
the Department made its wedge scales available to the industry for 
some years, later encouraging private industry to undertake the print- 
ing and distribution of the scales which are now used by almost all 
laboratories in the industry in their routine testing. 

A special micrometer was developed for calibrating microprojectors 
for wool fiber measurement. Although the Department had promul- 
gated an official method for wool fiber measurement for purposes of 
the wool top standards, the calibration of the instruments by different 
laboratories has been regarded as a possible source of variation in 
measurement of similar stock. In order to make uniform calibration 
possible, the Wool Division developed a special stage micrometer by 
which the desired magnification could be obtained readily and uni- 
formly in all laboratories. This stage micrometer is in production 
by one of the large optical companies and distribution is now being 
started. Orders have been placed by many of the leading mills and 
other testing laboratories, and the instrument will soon be in general 
use within the industry. It should prove a valuable aid in fiber fine- 
ness determination by making possible the uniform calibration of the 
microprojectors. This will aid industry and others concerned in pur- 
chasing and marketing wool and top where the Wool Top Exchange 
and defense agency specifications must be met for delivering a certain 
quality of product. 

In cooperation with the American Society for Testing Materials 
and other agencies, an interlaboratory study was conducted on a spe- 
cial top to be used by the Department of the Army for one of its 
service fabrics. 

In enlisting the aid of the American Society for Testing Materials 
in connection with this sample, the Army wished to obtain (1) the 
fineness composition of the top and (2) a procedure or method for 
testing the top for fineness determination. Since the Wool Division 
of the Department of Agriculture has conducted much of its own 
research in cooperation with the membership of the ASTM, and since 
a member of the Wool Division is chairman of the ASTM wool fine- 
ness committee, the Division is looked to for leadership on wool fine- 
ness work. Hence, the wool section of the ASTM was asked to super- 
vise the study. Preliminary laboratory tests first were made by the 
Wood Division to obtain an approximation of the fineness value. 
Next, procedural instructions were drawn up and sections of the 
sample prepared and distributed to 23 cooperating industrial, Federal, 
and State agricultural experiment station laboratories. 

Results of the test were summarized and the specifications for fine- 
ness distribution, and method of test were developed and recommended 
to the Army Quartermaster Corps. This resulted in wool top specifi- 
cations for the defense agencies’ new uniform material. 


F. SOME ADDITIONAL WORK NEEDED 


The Wool Advisory Committee has emphasized urgent need for 
expansion of the work in the development of wool, wool top, mohair. 
and mohair top standards. Work needed covers (1) reevaluation and 
revision of the now existing standards and specifications for wool top 
grades 80s, 70s, 64s, 62s, 60s, 58s, 56s, and 50s; (2) development of 
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quantitative specifications for wool top standards, grades 48s, 46s, 44s, 
40s, and 36s; (3) development of mohair top standards. 


ImproveD GRADES AND STANDARDS FOR Woon AND MoHarrR 
(PMA—RM: c-859—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This research is intended to develop quantitative specifications 
covering those physical characteristics of wool and mohair of the dif- 
ferent types and grades which determine the value of the product, in 
order to permit more exact definition of quality, develop accurate 
and speedy methods of test, and in this way make it possible: for the 
producer to obtain the full value of his product. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Development of quantitative specifications for fineness and length 
for standard grades of grease wool matchings.—This work is to de- 
termine the quantitative limits for fineness and length for 19 grades 
of grease wool matchings and the development of sampling techniques 
and methods of test. 

Development of quantitative specifications and tolerances for stand- 
ard grades of mohair.—Yhis work is for the purpose of developing 
acurate quantitative specifications for the different grades to replace 
the visual tentative grades. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Only wool top standard grades 80s, 70s, 64s, 62s, 60s, 58s, 56s, and 50s 
have quantitative specifications, At present, all grades of grease wool 
and mohair are expressed on a visual basis. In order to better define 
grease wool and mohair grades, work on expression of grades in terms 
of definite measurement of physical characteristics was initiated by 
the Production and Marketing Administration in July 1948. This 
work is in line with suggestions made by the Wool Advisory Commit. 
tee, to better define the various grades of wool and mohair. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Federal funds were expended on this project in the following 
amounts: 1949, $9,300; 1950, $12,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


To date 18 lots of commercially graded wools processed from grease 
wool to top and samples from intermediate stages of processing have 
been tested to study the physical properties and characteristi¢s upon 
which wool grades are based. Sampling techniques are being devel- 
oped from these investigations which will speed up testing. New 
measurement methods to facilitate more rapid determinations of fine- 
ness and length are also being developed. These developments and 
accomplishments are coordinated with the sampling and measuring 
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methods and techniques developed in work under the marketing farm 
products program. The knowledge gained from these experiments 
will guide the development and establishment of quantitative meas- 
urement and specifications for new standards for grades and types of 
raw and processed wool so urgently needed for more satisfactory ap- 
praisal and marketing purposes. 

Staple length measurement results have been determined on 296 
samples of commercially graded wools, representing 2,683,000 pounds 
of grease wool. The current summarization of these results will be 
used to formulate length specifications for the various grades of wool. 
The application of these length requirements will better define the 
nomenclature used to express the length of grease wool. This will 
enable the producer to have a more complete knowledge of the value 
of his product as a basis for more sound marketing practices. 


F. SOME ADDITIONAL WORK NEEDED 


Additional work needed covers the following: 
Development of type specifications for domestic wools. 
Development of standards for pulled wool and scoured wool. 


Price, Suprpty, AND Consumprion ANALYsiIs FoR Farm Propvcts 


(Woot) 


(BAE—A-2-7—Federal-Regular Funds; BAE-OES 
RMA Funds) 


(The discussion of line projects and expenditures on project RM: ¢c-33 in this 
and other commodity chapters covers work done by BAE only. A general sum- 
mary statement for this project, in Chapter 27, Prices and Income, summarizes 
not only the research and expenditures of BAE but also shows expenditures of 


OES and lists OES line projects carried out through State and Territorial experi- 
ment stations.) 





RM: c-33—Federal-State— 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
wool and related fibers, and (2) make the results available through 
regular publications and on special request; (3) determine the Nation’s 
future peacetime and wartime requirements for apparel wool; and 
(4) determine and measure factors affecting prices, consumption, and 
utilization of domestic and foreign wools in the United States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-11—Analysis of current situation and outlook for wool and 
related fibers. To appraise the current and prospective economic 
position of wool and related fibers; to carry on the statistical and 
analytical work necessary thereto; to make the results available 
through regular publications and on special request to farmers, Gov- 
ernment agencies, and the general public. The Wool Situation is 
prepared and issued under this line project. 

RM: c-33.16—Consumption requirements and analysis of price, 
supply, and consumption of apparel wool. To determine the Nation’s 
future peacetime and wartime requirements for apparel wool; to 
determine and measure factors affecting the price, production, con- 
sumption, and utilization of domestic and foreign apparel wools. 
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WOOL AND MOHAIR—SHEEP AND GOATS 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27, Prices and Income.) The RMA 
line project on wool was recommended by the Wool Advisory Com- 
mittee. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures from regular funds during the 1950 fiscal year 
amounted to $5,200; expenditures from RMA funds were approxi- 
mately $8,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Regular funds.—An apparel wool survey is now being conducted for 
the National Security Resources Board to meet their requirements for 
basic information on this coramodity in connection with their resources 
mobilization planning program, 

RMA funds.—A report, Domestic Wool Requirements and Sources 
of Supply, has been published jointly with the Livestock Branch of the 
Production and Marketing Administration. This report presents an 
analysis of the sheep and wool industry in the United States, civilian 


and military wool needs in relation to supplies of domestic wools, the 
relative advantages of imported and domestic wools, long-time trends 
in sheep and wool production, and the place of sheep in the agricul- 
tural economy of the United States. A second report entitled 
“Apparel Wool Prices,” is now being processed for publication, This 
analysis indicates that a large part of the variation in the world price 


of apparel wool has been associated with world demand, as measured 
by an index of ntional income for the chief consuming countries, and 
with total world production of apparel wool. In the United States, 
consumer expenditures for clothing, including wool, vary with con- 
sumer purchasing power, but only a small part of the year-to-year 
variation in the mill consumption of apparel wool is associated with 
the level of income or with the prices of wool and woolen garments. 
This study also includes materials on the nature and uses of apparel 
wool, the nature of the demand for wool, the geographic distribution 
of world production, marketing prices in the chief producing coun- 
tries, and the relationship between prices, domestic and foreign mar- 
kets. In conjunction with this project, a statistical report, Weol Sta- 
tics, Including Mohair and Other Animal Fibers, was completed and 
published in 1949. It includes data on production, prices, consump- 
tion, stocks, exports and imports of wool, mohair, and other ‘animal 
fibers. The work on wool under the RMA commodity project was 
terminated as of July 1, 1950. 


F. SOME ADDITIONAL WORK NEEDED 


The outlook work on wool should be expanded to cover more thor- 
oughly the competitive effects of other vegetable and animal fibers, 
synthetic fibers and silk, and analysis of the demand for wool needs to 
be further analyzed in terms of the demand for end products con- 
taining wool by industrial users and household consumers. 
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CoNSUMER PREFERENCE Researcu (Woot) 


(BAE-BHNHE-OES—RM: c-31—Federal-State—RMA Funds) 


(Related consumer preference research by BAE on other commodities is dis- 
cussed in other commodity chapters. Consumer preference research conducted 
by BHNHE and OES, as well as line projects of BAE involving more than one 


commodity are discussed in the general statement on consumer preference 
research in Chapter 26, Economics of Marketing. ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To find out (1) consumers’ attitudes toward various articles made 
of wool, together with (2) the reasons for consumers’ likes and dis- 
likes, and their buying habits, as a guide to processing and marketing 
agencies ‘By helping these agencies to discover whether certain 
changes li che type of wool demanded are a reflection of current styles 
or of long-run trends, such research can help to stabilize the produc- 
tion, manufacture, and merchandising of wool and wool products; it 
can also help the consumer get the sort of goods he prefers. Current 
studies deal with men’s wool clothing and with the use of wool in the 
construction of automobiles. | 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-31.20—Men’s preferences among wool suits, coats, and jack- 
ets. To ascertain preferences for fabrics made of different grades of 
wool and the psychological motivations which help to determine 
choice in purchasing. 

RM: c-31.23- -Fabric and fiber patterns of use and preferences 
among automobile manufacturers. (For discussion see ch. 10 on 
cotton. ) 


C, HISTORY AND EVOLUTION OF THIS WORK 


Original research was begun in 1948. The work has been highly 
endorsed by the Wool Bureau and the Clothing Manufacturers Asso- 
ciation of the United States. It is an extension to wool and wool 


products of the research methods which proved so successful in earlier 
work on cotton. 


D. FUNDS--ANNUAL EXPENDITURES 


Consumer preference research on wool undertaken by BAE during 
the fiscal year 1950 cost $82,000 from RMA funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Providing such practical findings that the Wool Bureau immediately 
used them as the basis of an extensive educational campaign. In addi- 
tion, the Clothing Manufacturers Association of the United States and 
the regional laboratories of the Department have used the informa- 
tion. The report of only one of these studies is off the press at this 
date; it was well received by the industry, trade associations, manu- 
facturers, and those concerned with marketing wool products. As the 
outstanding spokesman of the wool industry, the Wool Bureau has 
urged that the type of research described here be amplified to cover 
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different kinds of consumers (household, industrial, and institutional ) 
and a wider variety of products. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of research to cover wool in women’s clothing and in 
selected household fabrics.—It is believed that the techniques used in 
Line Project RM: c-31.20, cited above, should be used. In addition, 
the wool industry hopes that work of the sort embraced under the 
term “consumer preference” can be brought to include several classes 
of industrial consumers of wool and wool products. 


CROSS REFERENCES—-MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—A-2-1, Chapter 38, monograph on production and price-supporting pro- 
grams on wool. 

BAE—a-—2-22, Chapter 1, ee ae livestock in the North Central Region. 

BAE, PMA, BAT, No. RM : +27, Chapter 1, marketing livestock and meat. 

BAE—RM: c—205 and a-—2 i, Chapter 26, marketing practices. 

BAI—i-+-2, Chapter 1, disease conditions found during meat inspection. 

BAI—i-4-3, Chapter 1, zoological investigations relating to meat inspection. 

BAI—Control of miscellaneous animal diseases and interstate inspection, Chap- 
ter 35. 

BAI—Meat inspection, Chapter 35. 

BEPQ—RM : a-42—Chapter 31, preventing insect damage to wool, mohair, etc. 

CEA—Commodity Exchange Act, Chapter 35. 

EXT—Educational work in marketing, Chapter 37, market lamb pools. 

EXT—RM: c—95, Chapter 37, marketing education on sheep, lambs, and wool. 

EXT—RM: c-211, Chapter 37, marketing education on livestock and wool. 

FCA—a-1-—6, Chapter 1, livestock cooperatives. 

FCA—RM: c-83, Chapter 1, processing meat products in frozen food locker 
plants, etc. 

OFAR—Chapter 23 (espec a RM: c-2 and RM: c-544), foreign activities. 

PMA—Administration of U. Warehouse Act, chapter 35. 

PMA—-Federal meat edie C hapter 1. 

PMA—Freight rates for farm products—Chapter 19. 

PMA—Grades and standards for liyestock and meat, Chapter 34. 

PMA—Market inspection of dairy and poultry products, Chapter 34, domestic 
rabbits 

PMA—Packers and Stockyards Act, Chapter 35. 

PMA, FCA—RM: c-75, Chapter 36, improved market facilities, ete. 

PMA, BAE—RM: fg Chapter 34, grading and inspection of wool. 

PMA—RM: c-430, 481, 432, Chapter 36, marketing service programs. 

, Chapter 32 for nuts on crop and livestock estimates. 

“? hapter 33 for commodity market news service 















GRAINS 
Chapter 5—Part II 


Foreworp 


This chapter on grains covers essentially all USDA research relating 
to the production, utilization, and marketing of corn, wheat, oats, 
barley, rye, grain sorghums, and buckwheat. Statements on produc- 
tion phases of research relate to breeding, disease and quality investi- 
gations, to insects that affect cereal crops, and to factors that relate 
to production management. In the utilization sections are statements 
that explain the Department’s work to find new and improve uses for 
cereals. In the marketing section are statements on projects that seek 
to improve the marketing of cereals and cereal products, through 
studies that cover such subjects as the analysis of price, supply, and 
consumption factors that affect the market for food grains, and the 
storage and handling of cereal crops. 

Cross-references to functional or cross-commodity lines of work 
pertaining directly or indirectly to grains are included at the end 
of each of the production, utilization, and marketing sections of the 
chapter. 
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A. PRODUCTION 


Bartey Propuction, Breeprne, Diseases, AND QUALITY 
INVESTIGATIONS 


(BPISAE—a-1-—1—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop varieties of barley that are superior in yield, with stiff 
straw and resistance to diseases, insects, drought, and frost; with qual- 
ity suitable for industrial use; and with other characteristics that 
will help stabilize the annual production of this crop. The current 
work is especially concerned with finding resistance to destructive 
diseases and insects and combining this with desirable agronomic and 
quality characteristics. In addition, work of more fundamental na- 
ture is under way dealing with breeding methods, genetics, maltin 
quality, pathology, physiology, and related fields in order to an 
the desired results as quickly and effectively as possible. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-1-2—Develop improved methods of barley breeding. Studies 
of improved methods of breeding barley, including the use of back- 
crosses, composite and other complex crosses, and the latest genetic 
techniques. 

a—1—1-8—Breed, test, increase, and distribute productive varieties 
of winter barley. To develop productive varieties of winter barley, 
test them thoroughly for agronomic, pathologic, quality, and other 
useful characteristics, provide the initial seed increase, and distrib- 
ute the seed of the better ones to farmers. 

a—1-1-9—Breed, test, increase, and distribute productive varieties 
of spring barley. To develop productive varieties of spring barley, 
test them thoroughly for all important and useful characteristics, 
provide the initial seed increase, and distribute seed of the better ones 
to farmers. 

a—1—1-11—Determine the best cultural practices for barley produe- 
tion. To determine the optimum rate and date of seeding, time and 
method of harvest, fertilizer requirements, and other practices which 
will insure maximum production of high-quality barley. 

a-—1-1-183—Evaluate quality of barley varieties and selections from 
cooperative State and Federal barley-breeding programs. Malting- 
quality evaluations of early generation hybrid selections and made 
by chemical tests on the barley. When selections and varieties are 
more advanced and more seed is available, malts are obtained and 
studied for behavior and chemical composition. 

a—1—-1-14—Control of barley diseases. To study the occurrence, 
‘ause, spread, and severity of barley diseases, including life history 
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and race studies of the disease-producing organisms, nature of resist- 
ance, and the development of methods for testing varieties under 
artificial epidemics of such diseases as smut, rust, scab, stripe, mildew, 
and others. 

a—1—1-17—Determine influence of malting conditions on the en- 
zymes of malt and their importance in alcohol manufacture. To 
determine the relationship of malts of different characteristics (par- 
ticularly enzymes) to alcohol yield. 

a—1—1-20—Maintain viable seed of the world collection of barley 

varieties, and of breeding and genetic stocks. To grow the world 
collection of varieties at regular intervals to insure maintenance of 
viability, and to distribute the seed to barley breeders and research 
workers in the United States and other countries. 

a—l1-1-21—Discovery of barley varieties resistant to Hessian fly. 
All varieties in the world collection are being grown under conditions 
conducive to Hession-fly infestation. The resistant ones are being 
selected for retesting to make sure they were not escapes. 

a-1-1-22—Determine numbers and inheritance of factors for re- 
sistance to Hessian-fly in barley. After finding varieties and selections 
having resistance to Hessian fly, tests must be made to determine how 
this character is inherited and the location of the resistance factor 
in the genetic linkage groups. This information will make possible 
more efficient planning of breeding and improvement work. 

a—1—1-23—Test new seed disinfectants to determine their effective- 
ness in controlling seed-borne diseases of barley. To determine the 
effectiveness of new seed disinfectants for use in controlling seed and 
soil-borne diseases of barley. 


C, HISTORY AND EVOLUTION OF THIS WORK 


As early as 1866 Oderbrucher was obtained from Germany and 
grown with other varieties on the Mall in Washington. Experiments 
with barley diseases were started about 1895. Extensive introduction 
of foreign barleys was begun in 1898, but the testing of domestic and 
introduced varieties was started on a systematic basis by the Depart- 
ment after 1900. Barley breeding and studies on malting characters 
and germination were started in 1906. Later, emphasis - was placed 
on the development of varieties having smooth awns and giving good 
yields under favorable conditions. Starting in 1935 major attention 
was directed toward disease-resistance problems, and at present com- 
bining disease resistance with desirable agronomic characters is one 
of the more important problems. In recent years studies have been 
directed toward finding or developing winter varieties having in- 
creased cold resistance. The question of the effects of environmental 
and varietal characteristics on malting and brewing quality has re- 
ceived some attention since 1936. All of this work is making possible 
the production of varieties having good adaptation, disease and insect 
resistance, and desirable quality characteristics. 


D. FUNDS—-ANNUAL EXPENDITURES 


Based on rough estimates the annual expenditures during the early 
vears ranged from less than $200 in 1901 to $50,000 in 1929. From 
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1930 to 1945 the funds available varied from $44,000 to $72,000 annu- 
ally. Since then the annual expenditures have increased until in 1950 
about $88,000 was used for this work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Several varieties of barley introduced into the United States have 
become important.—Club Mariout, a drought-resistant variety intro- 
duced from Egypt in 1903, resulted in a major shift in varieties in 
California; and in 1935 it was estimated that 328,000 acres. or 30 

recent of the barley acreage in the State, were devoted to this variety. 

annchen, brought from Sweden in 1904, resulted in a rapid expan- 
sion of the acreage of that variety in sections of western Oregon and in 
the irrigated districts of the Klamath region. Hannchen’s quality 
characteristics make it especially attractive to European maltsters. 
Trebi, a six-row, rough-awned barley introduced by the Department in 
1905 from an area to the south of the Black Sea, became so popular, 
especially in the cooler Rocky Mountain States, that by 1935 it was 
grown on about 214 million acres, the largest acreage devoted to a 
single variety in the United States. 

The development of adapted, smooth-awned varieties was an im- 

ortant accomplishment. One of the first smooth-awned varieties to 
released was Flynn, which was the forerunner of many others 
that came later. Smooth-awned varieties were in great demand 
because they were less irritating at harvest, and the straw was less 
objectionable to livestock. For many years nearly all new varieties 
released had smooth awns, but the increased use of the combine for 
harvesting has reduced the importance of this characteristic. 

The acreage of winter barley increased over 300 percent in some 15 
years. This increase is one of the most important shifts in any cereal 
crop grown in this country and has fepalited partly from increased 
knowledge of the crops used and partly from the introduction and 
production of more winter-hardy varieties. In the winter-hardiness 
work methods have been perfected to test the cold resistance of varie- 
ties in freezing chambers. This speeds up improvement work. 

Hessian flies are exceedingly destructive to barley in many areas.— 
Pioneer work done by this Division has revealed several varieties that 
resist hessian fly. Crossbreeding, using these varieties as parents, is 
under way and the results may have far-reaching effects in barley pro- 
duction in this country. . C 

The distribution of varieties having some disease resistance has in- 
creased greatly the production of barley in certain areas —In many 
areas barley growing had become very hazardous because of disease 
losses. New varieties having some resistance to the diseases causing 
losses in certain areas were developed and distributed. Resistance 
to such diseases as smut, stem rust, and stripe has now been added to 
varieties having good agronomic and quality characteristics. These 
varieties have become very popular with the farmers, feeders, and the 
industry. 

Inheritance studies with barley have added much to the information 
available on the genetics of crop plants. The inheritance of many plant 
and seed characters has been worked out and chromosome maps, so 
vital to planning of efficient breeding projects, have been drawn. This 
work makes for a more efficient attack on a specific breeding problem. 











520 AGRICULTURAL RESEARCH AND RELATED SERVICES 


F. SOME ADDITIONAL WORK NEEDED 


New diseases and new races of old diseases are constantly appearing 
to jeopardize stable production.—More attention should be directed 
to studies of the disease organisms and to disease resistance. More 
disease gardens are needed where artificially created epidemics can be 
started under controlled conditions so as to make possible more rigid 
selection. There must also be a constant search for new parental 
material to use in improvement programs. 

Four insects cause important losses in barley.—These are green 
bugs, chinch bugs, hessian fly, and grasshoppers. Ravages of chinch 
bugs, for example, limit barley growing in certain areas. The breed- 
ing of insect-resistant barleys is in its infancy. The search for resist- 
ance should be intensified, and when found this resistance should be 
combined with other desirable agronomic and quality characteristics. 

Lodging causes serious losses each enna the barley crop 
lodges because of excessive moisture, high soil fertility, or bad storms, 
yields are reduced, quality is lowered, and harvest losses go up. To 
combat this hazard better cultural practices are needed, as well as 
varieties having shorter and stiffer straw. Such varieties have been 
found in other crops and it is reasonable to assume that they could be 
developed in barley. 


Corn Propuction, Breeprne, Disrasr, AND QuaLitry INVESTIGATIONS 
(BPISAE—a-1—2—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


(1) To develop and distribute strains of corn for the different sec- 
tions of the United States that are more productive and more resistant 
to lodging, diseases, insects, drought, and other unfavorable environ- 
mental conditions; (2) discover or devise better and more efficient 
methods of growing corn; (3) develop methods and materials for 
controlling corn diseases; and (4) investigate and establish principles 
basic to the improvement of corn and of corn-production methods. 
All of this work is directed toward reducing the hazards and increas- 
ing the efficiency of corn production. Emphasis at present is on 
development of inbreds with disease and insect resistance. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-2-5—Development of improved methods of breeding corn. To 
determine the best methods of breeding and testing corn and the rea- 
sons for the success of these methods, and to investigate the laws of 
inheritance in corn. This work involves experiments on the genetics 
and cytology of corn and corn relatives, on methods of breeding and 
combining inbred lines and hybrids, and on the genetic effects of 
radiation and other treatments. 

a-1-2-7—Effect of weather, cultural practices, and nutrition on the 
growth, development, yield, and quality of corn. To determine (1) 
the responses in growth, development form, and structure of corn 
plants and seeds to various environmental factors, including light. 
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temperature, mvisture, and nutrition; (2) the relation of environment 
and heredity to quality in corn for different uses; (3) the best measures 
of quality as an aid in corn improvement; and (4) the particular 
adaptability of new and improved strains of corn to different cultural 
and production practices. 

a—1-2-9—Control of corn diseases. To determine (1) the best meth- 
ods of controlling diseases of corn, including seed treatment, seed 
selection, and breeding for resistance; (2) the organisms or viruses 
causing disease in corn and the relation of temperature, soil, crop 
rotation, and nutrition to the development of the organisms and the 
diseases; and (3) the factors affecting the abundance, overwintering, 
spread, and damage of disease organisms in order to forecast outbreaks 
of disease. 

a—1-2-12—-Hybrid seed corn for the Corn Belt. To produce and 
distribute new strains of hybrid corn for the different sections of the 
Corn Belt, with improved yield and resistance to lodging, drought, 
disease, insect pests, and other hazards of production. 

a—1-2-16—Increase of waxy corn strains to substitute for tapioca. 
To produce and distribute seed of waxy corn strains for use in the 
commercial processing of waxy cornstarch that is similar to tapioca, 

a—1-2-17—Hybrid seed corn for the South. To produce and dis 
tribute strains of hybrid corn for the different sections of the South, 
with improved yield and with resistance to lodging, drought, disease, 
insect pests, and other hazards of production. 

a—1-2-18—Popcorn hybrids. To produce and distribute new 
strains of hybrid popcorn with improved popping quality and plant 
characteristics. 

a—1-2-19—Sweet-corn hybrids for canning. To produce and dis- 
tribute new hybrid strains of sweet corn with improved canning 
quality and agronomic characteristics. 

a—1-2-23—Hybrids resistant to the European corn borer. To pro- 
duce and distribute strains of hybrid corn that are resistant to the 
European corn borer and are adapted to areas where this insect is 
destructive. 





C. HISTORY AND EVOLUTION OF THIS WORK 


Corn-breeding investigations were begun in the Department of 
Agriculture in 1898. Early experiments in corn breeding were con- 
cerned with the development and improvement of open-pollinated 
varieties of corn, by mass selection, ear-to-row breeding, and variety 
hybridization; and with genetic studies, cultural and tillage tests, 
selection and care of seed, and studies of corn diseases. Experiments 
designed to make use of inbred lines for the commercial production 
of hybrid corn were initiated by the Department in 1916. By 1922, 
when the promising possibilities of hybrid corn had become well recog- 
nized, the corn-improvement program was reorganized and concen- 
trated on the development of inbred lines to be used in the production 
of hybrid seed. Superior lines and hybrids were developed, and 
theoretical experiments were directed toward the development of more 
effective breeding techniques. 


78552—51—-vvol. 1 34 











522 AGRICULTURAL RESEARCH AND RELATED SERVICES 


D. FUNDS—-ANNUAL EXPENDITURES 


The first specific allocation for corn-improvement research was an 
appropriation of $12,000 in 1908. Since that time the annual appro- 
priations at 10-year intervals were about as follows: 1910, $13,260; 
1920, $40,000; 1930, $118,800; 1940, $130,000; 1950, $190,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of hybrid corn is an outstanding example of the 
influence of theoretical scientific research in revolutionizing the pro- 
duction of a farm crop. Hybrids already produced have established 
their superiority in productiveness and in resistance to wind, disease, 
and other unfavorable conditions. 

From a small beginning of 143,000 acres in 1933, representing only 
0.1 percent of the corn acreage, the use of hybrids has spread to about 
65,000,000 acres in 1950, representing 77 percent of the national corn 
acreage. Hybrids now occupy from 95 to almost 100 percent of the 
corn acreage in the principal Corn Belt States, but in the South the 
percentage in hybrids has been much less because adapted hybrids 
have not been available. However, new hybrids suitable for southern 
conditions are now becoming available and a rapid change-over is 
taking place. Hybrid corn has increased yields at least 25 percent, or 
a total annual increase of about 750,000,000 bushels. The outstanding 
inbred lines and hybrids developed by the coordinated Federal-State 
program still remain the backbone of the commercial hybrid corn 
industry. 

The development of hybrid strains of popcorn—The superior 
strains of hybrid popcorn developed in cooperation with State agricul- 
tural experiment stations and released about 1941 now account for a 
large part of the commercial popcorn acreage. Consumers favor their 
improved quality, tenderness, and flavor. Some of the new hybrids 
have outyielded standard varieties by 50 to 100 percent. 

Golden Cross Bantam sweet corn was first introduced to the general 
trade in 1933. It was received enthusiastically, is now the standard 
for quality, and is the most widely grown yellow canning sweet corn. 
The introduction of Golden Cross Bantam revolutionized corn-canning 
methods. The uniformity of ear size made possible a whole-kernel 
pack, not possible with open-pollinated varieties. 

The development of standard testing procedures for inbred lines 
and hybrids—Superior hybrids depend upon proper evaluation and 
preservation of foundation inbred lines. The testing procedures first 
used are not sufficiently critical. Improved techniques and procedures 
have resulted in the development of some superior lines and hybrids 
that otherwise would not have been preserved. 

Studies on the nature and causes of hybrid vigor.—The general 
procedure for producing hybrids by crossing inbred lines of corn 
was first outlined in 1908. Hybrid corn did not become a commercial 
reality, however, until about 25 years later, partly because of the 
lack of understanding of the nature of hybrid vigor. Fundamental 
research eventually supplied the information essential for the intelli- 
gent use of hybrid vigor in corn production, and such research will 
undoubtedly make possible the development of hybrids superior to 
any now available. 
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The development of disease-resistant strains of corn.—Generally 
speaking, present-day corn hybrids are more resistant to many of the 
important corn diseases than are the open-pollinated varieties that 
they replaced. Much remains to be accomplished, but the progress 
already made can be attributed to investigations of the past 50 years 
on the organisms causing the more important corn diseases. 

Studies on the food requirements of corn.—Experiments on the 
mineral needs of corn have furnished the background information for 
the heavy application of mineral fertilizer now giving such outstand- 
ing results in many Southern States. This was made possible by 
detailed studies of the accumulation of individual plant-food elements 
by the corn plant, the movemen: of these elements within the plant, 
and their function in plant nutrition. 

The development of waxy corn—When the Japanese took the Neth- 
erlands East Indies early in World War II, we lost our main source 
of cassava (tapioca) starch. Previous research on different starches 
had indicated that cornstarch made from waxy corn was the most 
promising substitute. Breeding work already under way made it 

ossible to start immediate commercial production of waxy lowa 
vybrid 939. The production of this, and other more recently devel- 
oped hybrids, has expanded to about 20,000 acres annually. Waxy 
cornstarch is superior to tapioca starch for some commercial uses. 


F. SOME ADDITIONAL WORK NEEDED 


Development of hybrids with better disease resistance—Damage 
from some corn diseases is inconspicuous though constant and con- 
siderable in the aggregate. Losses from other acute diseases may be 
intermittent but almost complete in some cases. Losses to widely 
grown corn hybrids may be heavy because their inbred components 
are uniformly susceptible to some hitherto unrecognized or unimpor- 
tant disease. Research on the cause of the various diseases and the 
conditions leading to their differing intensity and on the entire host- 
parasite relationship is essential to successful disease control. The 
only defense against many field diseases is varietal resistance. Breed- 
ing operations are greatly facilitated by the development of specialized 
techniques for producing disease epidemics artificially as an aid to 
the isolation of disease-resistant lines. Many present inbred lines 
are susceptible to one or more diseases and must eventually be replaced 
with resistant lines. Resistance to many of the important corn dis- 
eases occurs in particular strains of corn. 

Development of insect-resistant hybrids—Insect damage to corn 
is severe in all corn-growing areas but is particularly heavy in the 
South. Stalk borers, rootworms, earworms, aphids, grain moths, 
and weevils are the most important corn pests. The European corn 
borer has moved west across the Corn Belt and down the Ohio and 
Mississippi Valleys, and is a serious menace. The Japanese beetle 
is gradually spreading south and west and possibly may become a 
serious menace to corn production. Inherent resistance to most of 
these insect pests is known to exist in corn but the problem remains 
of identifying sources of the greatest resistance and of putting this 
to practical use by breeding. The properties of the plant characters 
that contribute to resistance and immunity should be investigated 
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carefully. The relation between insect attack and subsequent disease 
infection or direct disease transmission should be fully investigated, 
especially in connection with the European corn borer. 

Breeding for optimum plant functioning.—Breeding for drought 
resistance has demonstrated its value in Corn Belt hybrids. They 
have constantly been found superior to open-pollinated corn in 
drought years. Periods of deficient moisture occur commonly in most 
corn-growing areas. Marked differences among strains of corn in 
their ability to withstand drought are directly associated with differ- 
ences in yield. Little is known of the possible relation of yield to 
chlorophyll content, ear size and number, leafiness, and nutrient utili- 
zation. These relationships should be investigated. There is rea- 
sonable assurance of the successful development of strains with in- 
creased efficiency in the use of major and minor plant food elements 
as well as of those that can better utilize the heavier applications of 
fertilizer now being recommended. 

Acceleration of investigations of corn genetics and cytology— 
Future developments in corn breeding and improvement are dependent 
upon further advances in our understanding of corn genetics and cy- 
tology. It is important to strengthen the investigations of fundamen- 

tal genetics and cytology of corn and its relatives in order to build a 
better background for the development of new breeding techniques. 
These specialized investigations should include studies of inheritance 
of quantitative characters such as yield and its physical components, as 
well as of disease and insect resistance. 

Acceleration of corn-quality investigations —The general question 
of corn quality has received relatively little attention. It has been 
demonstrated that corn strains differ appreciably in their content of 
starch, oil, and protein, and that the content of any one of these may be 
intensified by suitable breeding. More recently it has been found that 
corn strains may differ m: vterially i in character of the starch or pro- 
tein and in mineral content. Preliminary investigations have indi- 

cated wide and significant differences among strains in their vitamin 
complex. It should be possible to improve the quality of present corn 
hybrids through systematic breeding. 


Gratin SorcHum Propvuction, Breeptne, Disease, AND 
(JUALITY INVESTIGATIONS 


(BPISAE—a-1—4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the efficiency of sorghum culture by breeding improved, 
disease-resistant varieties of better quality for particular purposes and 
by determining the best methods of sorghum production. Varieties 
are being br ed for greater ease of harvesting; resistance to diseases, 
insects, and drought ; better adaptation to short growing seasons; and 
improved quality for feeding and industrial processing. The best 
cultural methods and the area of adaptation are determined for new 
varieties. Methods for controlling Tusa also are being investi- 
gated. Characteristics of sorghum | varieties are being determined by 
crossing experiments, by chemical analyses, and by tests under differ- 
ent conditions. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


a-1-4-1—Breeding sorghum (including broomcorn) for improved 
adaptation. To develop varieties for different areas that are better 
suited to economical production, feeding, and industrial processing. 
a—1—4—2—-Development of improved methods of breeding sorghum. 
To develop methods for the probable commercial production of hy brid 
sorghum seed and to facilitate future breeding by determining the 
heritable characteristics of sorghum varieties. 
a-14—3—Methods for the culture and har vesting of sorghum. To 
determine the best time and rate of planting new “sorghum varieties 
under different conditions and to determine the suitability of new 
varieties for mechanical harvesting. 
a—1-4+-4— Effect of variety, environment, and treatment on the 
growth and development of the sorghum slant. To determine the 
varietal characteristics that are important for feeding and industrial 
processing and are associated with disease or insect resistance, lodg- 
ing, or regional adaptation. 
a-1-4-5—Control of sorghum diseases. To determine the resist- 
ance of sorghum varieties to various diseases and to seek methods for 
controlling diseases by seed treatment, cultural practices, and other 
procedures. 
C. HISTORY AND EVOLUTION OF THIS WORK 


The testing and selection of sorghum grain and forage varieties 
began about 1903, and similar experiments with broomecorn were 
started about 8 years later. The distribution of improved varieties, 
which began about 1907, has resulted in repeated shifts to the produc- 
tion of better varieties for the farmer. Breeding by controlled hy- 
bridization began about 1914 and is now almost the universal method 
for sorghum improvement. Knowledge gained by intensive research 
= sorghum characteristics has greatly facilitated the breeding and 

valuation of new varieties, so that only limited testing is necessary 
bef fore a variety can be distributed. 


D. FUNDS—ANNUAL EXPENDITURES 


Funds for the support of sorghum research from 1903 to 1914 
‘ranged from $500 to $10,000 annually. From 1915 to 1940 the amounts 
varied from $6, 000 to $26,000 annually. Since 1941 there has been a 

gradual increase until in 1950 approximately $45,000 was spent. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of combine-type varieties, which eliminates the 
need for hand labor for harvest, en made grain sorghum a mass- 
production cash crop at a saving of fully $2 an acre. About 90 percent 
of the sorghum grain crop is now nether by combine. The more 
than 20 combine-type varieties distributed to farmers offer a wide 
choice of varieties for different conditions of production and use. 

The breeding of varieties resistant to milo disease has eliminated 
the losses of $20,000,000 or more suffered annually by growers of sus- 
ceptible varieties. Twenty or more resistant varieties already dis- 
tributed have almost entirely replaced the susceptible varieties form- 
erly grown. 
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The breeding of quick-maturing varieties has extended the area by 
about 100,000 square miles in which grain sorghum can be grown 
safely. Grain sorghum is now a staple crop in northern and high- 
altitude sections wieat the growing season is too short for the suc- 
cessful production of varieties formerly available. 

The development of more palatable forage varieties has improved 
the utilization of the crop as feed. The palatable seeds of these new 
varieties can be fed as grain. 

The development of industrial uses of sorghum was made possible 
by breeding varieties containing waxy starch, varieties having grain 
that is free from objectionable colors, and that reduce production costs 


because they are easier to harvest and resistant to certain diseases and 
insects. 


F. SOME ADDITIONAL WORK NEEDED 


Intensive investigations of the charcoal rot disease are needed. This 
disease is destructive, not only to sorghum, but also to corn, beans, 
cowpeas, alfalfa, sweetpotatoes, peanuts, potatoes, sunflowers, and 
many other crops. 

Large-scale experiments on methods of producing hybrid sorghum 
seed, and the testing of many different hybrids, must be completed 
before hybrid sorghum can become a commercial reality. 

The development of facilities at a subtropical location for the grow- 
ing and crossing of sorghum varieties from the tropics would permit 
the effective utilization of thousands of additional varieties in sor- 
ghum breeding. Most tropical varieties do not mature when 
planted in the sorghum-producing areas of the United States. 

The development of greenhouse facilities in which temperature, day 
length, and humidity could be controlled would aid greatly in clari- 
fying present ideas regarding the responses of sorghum varieties to 
differences in environment. Such knowledge would facilitate sor- 
ghum breeding and testing and would help to establish the adaption 
of new varieties. 

Varieties that are better suited to starch manufacture than those 
now commonly grown are needed and should be bred as soon as 
possible. 

Development of varieties adapted to the southeastern humid area 
and resistant to the foliage diseases and insects prevalent in that area. 
The demand for feed crops to support the growing livestock industry 
in the South has focused attention on grain sorghums. Varieties now 
available were bred for semiarid regions where foliage diseases such 
as anthracnose, rough spot, and gray spot are absent or unimportant. 
Such diseases, together with insects such as the midge, webworm, corn 
earworm, rice weevil, and Angoumois grain moth are limiting factors 
to sorghum production in the South. Varieties resistant to these haz- 
ards should be developed. 
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Oat Propuction, Breeprne, Disease, AND Quatity INVESTIGATIONS 
(BPISAE—a-—1-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) reduce losses from hazards and stabilize production through 
the development, increase, and distribution of superior varieties hav- 
ing resistance to disease, insects, lodging, and drought, for spring-oat- 
growing regions; (2) improve similarly winter varieties having in 
addition greater hardiness and better adaptability for grain and for- 
age for southern United States and develop better cultural methods 
for producing the oat crop. Current work is particularly concerned 
with producing varieties having resistance to the highly destructive 
helminthosporium leaf blight, the rapidly increasing and destructive 
crown rust races 45 and 57, and to the still newer threats to the oat 
crop, stem rust race 7 and the so-called red leaf troubles. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-5-5—Breeding and distribution of adapted oat varieties resist- 
ant to crown rust, stem rust, and smut, for the Corn Belt. To breed 
varieties resistant to the many races of rusts, rots, and smuts that 
now attack oats in the Corn Belt, and to get such new varieties into 
production in the shortest possible time in order to stabilize production 
and reduce losses on farms. 

a—1-5—-7—Breeding and distribution of early red spring-type varie- 
ties resistant to the rusts and smuts, for the Southwestern States. To 
breed early-maturing oats resistant to the diseases occurring in the 
area south and southwest of the Corn Belt, where red oat derivatives 
are grown. 

a-1-5-8—Breeding and distribution of midseason white oats of high 
quality that are resistant to smut, crown rust, stem rust, and lodging, 
for the Rocky Mountain States. To develop for irrigated areas high- 
yielding, exceptionally high quality, and especially stiff-strawed oats 
that have resistance to the smuts and rusts which attack oats in the 
Rocky Mountain States. 

a—1-5-9—Maintaining seed stocks of strains and varieties potentially 
valuable for future breeding, genetic, physiologic, and taxonomic 
investigations. Seed stocks of the world collection of oats are kept 
viable by growing them periodically so that the collection will 
available for use whenever the need arises for new breeding material, 
or when a new disease appears and resistance must be found. 

a—1-5-11—Control of oat diseases, including the testing of varieties 
for reaction to different diseases as a basis for breeding resistant 
varieties. To grow and test, under artificially created disease epi- 
demics, available varieties of oats, in order to locate among them new 
sources of resistance to disease so that such sources may be used in 
future breeding investigations. 
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a—1—5—13—Control of a new disease (mosaic) in the Southeastern 
States. To observe numerous oat strains in order to determine sources 
of resistance to mosaic or virus disease in oats so that use can be made 
of these resistant varieties in future breeding work for obtaining 
adapted oats resistant to this new hazard of production in the South- 
sastern States. 

a—1—5-14—Development of improved methods of breeding oats. To 
develop improved methods for breeding new oat varieties, including 
studies of inheritance of agronomic qualities, disease resistance, and 
other characters, and the use of X-ray and other methods to induce 
chromosome irregularities through which desirable genes may be lo- 
cated. 

a—1—5-16—Control of the new Victoria blight (Helminthosporium 
victoriae) of oats through breeding resistant varieties. To breed new 
oats having resistance to this recently discovered, extremely destruc- 
tive disease of oats. 

a—1—5-17—Breeding and distribution of adapted winter-oat varie- 
ties for the South. To breed winter-oat varieties resistant to crown 
and stem rust, smut, helminthosporium blight, virus, and other diseases 
known to be present in the South, and that have resistance to cold 
and to insect pests and are acceptable as to yield, quality, and straw 
characteristics. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1890 the Department of Agriculture first conducted studies on 
oat blast, and in 1891 on rusts and smuts. Yield trials were started 
in 1899 and improvement work in 1902. Prior to 1923 pure-line selec- 
tion was the chief improvement method used, although a few crosses 
were made. In 1923 crossing to obtain smut-resistant oats was started. 
In 1927 crosses for combining resistance to smut and stem rust and in 
1928 crosses for combining resistance to smut, stem rust, and crown 
rust were started, In 1929 Victoria’s superior crown rust resistance 
was found and from 1929 until 1932, it was used extensively in cross- 
ing. In 1932 Bond’s apparently still better crown rust resistance 
was discovered, resulting in the use of Bond thereafter. The appear- 
ance of Victoria blight in 1945 and the increased prevalence of crown 
rust races 45 and 57 in 1947 prompted extensive crossing in 1946 and 
1947 on Landhafer and Santa Fe, varieties resistant to both these 
diseases. The increased prevalence of stem rust race 7 in 1950 has 
brought about still another shift in crossing in order to meet this 
new threat 


D. FUNDS-—-ANNUAL EXPENDITURES 


Estimates of funds expended to finance oat experiments in early 
years are difficult to obtain. In 1901 it was estimated that oat experi- 
ments cost some $800, increasing annually to about $40,000 in 1930. 
There it remained with only minor changes until 1946. From 1947 
to 1950 the cost for oat work has ranged from $48,000 to $56,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction and wide distribution, about 1901, of Kherson (60 
day) oats started a major shift in varieties in this country. Pre- 
viously no really suitable early maturing oat was available in the Corn 
Belt and North Central areas. Kherson and the reselections Richland, 
Gopher, etc., eventually occupied most of the oat acreage in the North 
Central States and predominated there until about 1940. 

Introduction of Fulghum oats, previously grown only from fall 
seeding, into spring oat areas about 1916 prompted a major shift, 
Kanota and other Fulghum strains spread westward throughout 
Kansas and Oklahoma and to California, northward to the central 
part of the Corn Belt, and eastward into New Jersey. At one time 
this was a dominant spring oat type in the country. The selection 
Columbia, once the most widely grown spring oat, remains important 
in the Corn Belt and adjacent southern areas. 

Victory oats, introduced from Sweden about 1920, spread rapidly in 
the Northern and Northwestern States. Today Victory’s popularity 
continues in certain areas, and it is considered the standard of quality 
of oatsin America. It was much used in crossing, and several leading 
oats in the Northwest are Victory derivatives. 

Markton, found to be smut resistant about 1922 was widely distrib- 
uted in the Northwest, reducing smut in that area. Extensively used 
in crosses, derivatives of Markton now occupy most of the oat acreage 
in that region. In California, Ventura, and in the Kansas-Oklahoma 
area the Markton derivatives Fulton, Neosho, and Osage are grown. 
Crossed on Rainbow in the Corn Belt, it resulted in producing, among 
other varieties, Marion, the first oat variety available on farms in 
this country with resistance to stem rust, crown rust (including races 
45 and 57), smut, and blight (//elminthosporium victoriae). 

Discovery that cold and heat—both factors reducing oat yields—are 
associated is a helpful guide in choosing parents for crossing. Where 
they survive, winter oats outyield spring oats, making their produe- 
tion especially important. Wintok, resulting from crosses made in 
1926, is 15 percent more hardy than Winter Turf, formerly considered 
most hardy. Wintok also is highly resistant to heat. Breeding 
hardier oats is tending to advance winter oats northward. 

Discovery of the excellent crown rust resistance of Victoria in 1929, 
prompted its wide use by the Bureau in crosses that resulted in a tre- 
mendous economic contribution during World War II. Spring oat 
varieties derived from a Victoria-Richland cross include Boone, Tama, 
Vicland, and others, and use of sister strains in crosses produced 
Osage, Ventura, Neosho, Overland, and Cody. Winter oats derived 
from a Lee-Victoria cross include Letoria, Stanton, DeSoto, and others, 
and use of sister strains in crosses on Fulwin produced Arlington, At- 
lantic, and Mustang. Victoria crossed with Red Rustproof produced 
Ranger, Carolina, Red, Rustler, and Verde. A Victoria-Fulghum 
cross produced Fultex. 
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Discovery of the superior crown rust resistance of Bond in 1932 

rompted crosses by the Bureau from which came Clinton, Cherokee, 
Benton, Nemaha, Shelby, Advance, and others, all adapted to the 
spring-oat-producing area, and Taggart, Delair, and Southland 
adapted for fall seeding in the South. By 1949, Clinton was the lead- 
ing spring-sown oat in this country. 

Dise covery and identification of the destructive oat blight (Helmin- 
thosporium victoriae), to which most Victoria-derived oats are sus- 
ceptible, resulted in a timely major shift in varieties, Victoria-derived 
varieties, such as the spring-sown Vicland, Tama, Osage, etc., were re- 
placed largely by Bond-derived oats such as Clinton, ‘Cherokee, Bon- 
ham, ete., and by the variety Marion, derived from a Markton-Rain- 
bow cross. The timely increase of resistant varieties, making possible 
the rapid shift to them, saved the oat crop from disaster. 

In 1947 the potential destructiveness of the new crown rust races 45 
and 57 was fully realized. Oats derived from Bond, such as Clinton 
and Mohawk, are susceptible. Crosses with Landhafer and Santa Fe, 
previously found resistant to these rust races, have been accelerated 
to the extent that resulting resistant strains entered yield tests in 15 
States in 1950. 

Oat-breeding work has increased yields and improved quality— 
Cooperative efforts have resulted in varieties that produce higher 
yields, that have plumper, heavier, and thinner hulled grain, and straw 
suitable for harvesting with the combine thresher or far stiffer straw 
than the oat varieties available 20 years ago. New varieties having 
these superior qualities have been produced for each of the oat- produe- 
ing areas of the country. 


F, SOME ADDITIONAL WORK NEEDED 


New disease organisms and new races of old diseases appear almost 
annually, necessitating a continuous search for sources of resistance 
to different rusts, rots, and smuts in oats for use as parental material 
in this apparently endless struggle of breeding for daca resistance. 
It now seems evident that any lapse in this work for even a year or two 
could easily jeopardize the crop on large acreages. 

Development by breeding of oats resistant to stem rust race 7, a new 
threat of disaster to the oat crop. No well-adapted resistant variety 
is at present available for growing in either the spring-oat or winter- 
oat areas, and the presence of this disease was noted in Florida, Texas, 
and from New England to the Dakotas in 1950. 

Investigation of the organisms or physiological, climatological, or 
soil conditions responsible for the so-called red leaf trouble of oats.— 
These are yet unknown, but the conditions which so influence plants as 
to cause their leaves to cease their normal functions are causing siz- 
able annual losses to oat growers. 

Investigation of chemical differences known to ewist in oats in order 
to develop varieties that have a higher content of certain important 
vitamins such as B:, vital in nutrition of both man and animals. 

Investigations of causes responsible for resistance to lodging in oats 
and the location of new sources of resistance. Lodging is one of the 
chief causes of loss in growing oats. 
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Wuear Propuction, Breepine, Disease, AND QuaLiTy INVESTIGATIONS 


(BPISAE—A-1-7—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and make available to growers, in each climatic area, 
varieties of wheat that will resist or avoid the many hazards of pro- 
duction and produce maximum yields of high-quality grain at the 
lowest possible cost. The hazards of producing wheat are greater 
than for most crops because of the concentration of production in 
areas of limited and uncertain rainfall. The growing of wheat in 
short rotations or continuous wheat on the same land over large regions 
is favorable to the increase and spread of new diseases or new races of 
old diseases. Current work is especially concerned with the develop- 
ment of varieties resistant to the many races of each of the destructive 
diseases and insects; that will resist or avoid the ravages of drought, 
winterkilling, lodging, and other hazards and will produce grain of 
satisfactory quality for the particular types of flour that are to be 
made from it. To realize these objectives much basic research is being 
conducted on the many diseases present, on the physiology of the wheat 
plant, the characteristics determining the quality of the flour and 
bakery and other products. These fundamental studies are essential 
to determine the specific characteristics involved in any particular 
problem, to develop the techniques for locating the desired character- 
istics, and to select the particular individuals that carry the desired 
characteristics from large masses of breeding materials. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—-1-7-19—Breeding and distribution of hard red spring wheats 
resistant to leaf and stem rust and smut. To produce varieties of hard 
red spring wheat resistant to recently discovered as well as older races 
of leaf rust, stem rust, smut and other diseases and equal to or better 
than varieties commonly grown with respect to stiffness of straw, 
drought resistance, quality and yield. 

a—1-7-27—-Maintenance of seed stocks of breeding and genetic ma- 
terials. To maintain viable seed of breeding and genetic stocks which 
may contain factors for resistance to new diseases or new races of old 
diseases as well as other valuable germ plasm that will be needed in 
future breeding programs. 

a-1-7-29—Control of footrot diseases of hard red spring and durum 
wheats. To determine the organisms primarily responsible for footrot 
damage, the relation of damage to soil conditions, weather, crop rota- 
tion, and fertilizer application, and to develop methods of control. 

a—1-7-33—Control of virus diseases of wheat and other cereals. To 
test varieties and selections of winter wheat and other cereals for 
determining their reaction to the virus diseases and to cooperate with 
breeders in the development of resistant varieties. 

a—1-7-34—Characteristics of protein viruses in relation to the de- 
velopment of control methods. To determine the characteristics of 
the several viruses attacking cereals and their relationships in order 
to identify them, and to develop experimental procedures for testing 
varieties in order to determine those having resistance. 
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a-1-7-50—( Revised) Enzyme relations in the flour and doughs of 
wheat varieties. To determine the enzyme systems that function in 
the flour and doughs from different wheat varieties and their effect 
on the several bakery products, such as bread, cakes, and cookies, as 
a means of evaluating the baking properties of varieties. 

a—1-~7-52—The relationship of variety of wheat and environment 
to the quantity of individual amino ac ids present. To determine the 
proportion of the different amino acids (constitutents of proteins) 
present in the different wheat varieties produced under the same 
environment, and in the same variety when produced under different 
environments; also to determine the effects of the different amino 
acids on the quality of bakery products. 

a- 1-7-53—Breeding vood ‘quality, high-yielding, soft winter wheats 
resistant to lodging, diseases, and Hessian fly « and adapted to the sev- 
eral wheat-growing areas in the Eastern States. To combine in varie- 
ties adapted to each wheat-growing area of the region, resistance to 
Hessian fly, leaf rust, stem rust, loose smut, Septoria leaf spot, mildew, 
mosaic, and bunt along with high yield and good grain quality, in 
order to reduce losses from hazards and stabilize production. 

a—1—7-54—Breeding good-quality, high-yielding hard red winter 
whehks resistant to lodging, diseases, and Hessian fly, for the Great 
Plains. ‘To combine in varieties adapted for growing in each area 
resistance to leaf spot, Hessian fly and other insects ; w inter hardiness, 
early maturity ; resistance to lodging, high-yielding ability, and good 
quality, in order to reduce haz: ards and stabilize production of ‘this, 
the most important food crop grown in America. 

a—1-7-55— Breeding good-quality, high-yielding durum wheats with 
short, nonlodging straw, resistant to stem rust, leaf rust, and black 
point and adapted for growing in the durum wheat region of the 
Dakotas and Minnesota. To combine into a few adapted varieties 
of good quality for making macaroni, resistance to newly discovered 
races of stem rust, leaf rust, black point, and other diseases, and with 
short, nonlodging straw, in order to reduce losses from hazards and 
stabilize production. 

a—1—7-56—Breeding good-quality, high-yielding wheats, resistant to 
stinking smut, foot rots, and other dise ases and with short stiff straw, 
that are adapted for growing in the Western States. To combine into 
a few adapted varieties of good grain quality resistance to the several 
races of the stinking smuts. foot rots. and other diseases along with 
earliness, short, stiff, nonlodging straw, and high yielding ability, in 
order to reduce losses from hazards and stabilize production. 

a-1-7-57—Develop improved methods of breeding wheat. To 
develop more efficient methods for testing selections from breeding 
nurseries and the world collection of wheats for resistance to the many 
races of each of the several diseases and insects that attack wheat, as 
well as for resistance to drought, high temperatures, winterkilling, 
and other hazards. Further, to develop methods for transferring 

valuable types of resistance to these hazards from related grass species 
to adapted varieties of wheat. 

a—1—-7-58—Evaluating the quality of new improved disease- and 
insect-resistant varieties of wheat developed in the Great Plains and 

eastern United States for bread, cakes, cookies, macaroni, and other 
products. To evaluate all new improved varieties of wheat for quality 
characteristics prior to their release for growing by farmers, in order 
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to insure that all varieties released will have grain of satisfactory 
quality for making the bakery or other product for which they are 
intended. 

a—1—7-59—Control of stinking smut, flag smut, and other diseases 
by seed treatment and other methods. To determine the effectiveness, 
cost, convenience, and possible deficiencies of new chemicals and the 
recommended methods for their application for the control of each 
seed-borne disease; and to develop practical methods for controlling 
diseases that are not carried on the seed. 

a—1—7-60—Determine the physical properties of the grain, flour, and 
doughs of different varieties of wheat grown in the western United 
States and the relation of these to milling and baking characteristics, 
and the effects of weather, soil, and cropping practices on these physi- 
cal properties. To determine those physical properties of the wheat 
kernel that affect milling, and the physical properties of flours and 
resulting doughs that affect the several types of bread, cake, cookies, 
and other products made from wheat in order to select the high- 
vielding, disease- and insect-resistant, adapted strains from breeding 
programs that will also be satisfactory in grain quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on wheat in the Depavtiment was begun in 1891, and was 
concerned with the losses caused by rusts. The first wheat- -improve- 
ment work was begun in 1900. During the early years emphasis was 
placed on developing winter varieties w vith more winter hardiness and 
drought resistance. In 1904, foilowing heavy losses from stem rust, 


emphasis was also placed on the breeding of varieties resistant to this 
clisease. Breeding for resistance to other diseases has since been under- 
taken. The increase of fundamental information on wheat diseases, 
on the physiology of the wheat plant in relation to winter hardiness 
and drought resistance, and on the properties of the wheat kernel that 
determine milling and baking quality have made it possible to develop 
varieties much less subject to diseases and other hazards and of better 
grain quality than those formerly grown. 

Wheat is especially subject to the ravages of diseases and insects 
because it occupies a large proportion of the land over extensive areas 
of the continent (from southern Mexico to northern Canada). Pre- 
vailing winds carry spores of diseases northward as the crop makes its 
growth during the spring and early summer and southward from the 
late-maturing northern fields to southern Texas and Me xico, where 
they can overwinter and be ready for movement north the following 
spring. As the farm lands of this country become older, changing fac- 
tors affect the production of a major crop like wheat, which in some 

eases is the only crop grown over large areas. In these areas wheat 
may follow wheat every year, or it may be alternated with summer 
fallow or a row crop in a short rotation. Such conditions are favor- 
able for the increase in the soil of weakly parasitic micro-organisms to 
the point where they may cause serious diseases such as blights, 
mosaics, foot rots, and root rots. Obligate parasites such as the micro- 
organisms which cause the rusts or smuts on wheat, or epecially vir a 
lent races of them, may increase rapidly when a single crop like whe: 
is grown on a large proportion of the land over extensive areas. Fer. : 
tility levels and soil-moisture relations also change and result in 
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changes in the physiology of the wheat plant, which may predispose 
it to diseases. Varieties of wheat differ greatly in their resistance or 
susceptibility to these conditions as well as to air- or seed-borne 
diseases. 

Varieties bred for resistance to a disease often are not resistant to 
all races of the disease. It takes time to bring several factors for 
resistance together into a single variety which contains the many other 
inherited plant characters such as time of maturity, resistance to lodg- 
ing, milling and baking quality of grain, winter hardiness, and 
drought resistance, that together make the difference between a 5- 
and 35-bushel yield of grain that will not be discounted on the market 
because of poor qui ality. However, resistance to only a part of the 
races of a disease like rust often means the difference between a — 
ure and a profitable crop, and for this reason the distribution of v 
rieties which meet some but not all requirements at any given Arco 
pays tremendous returns on the money spent on research. 


D, FUNDS—-ANNUAL EXPENDITURES 


Regular funds for the improvement of wheat have gradually in- 
creased from about $4,000 in 1901 to about $40,000 in 1917, and to $90.- 
000 in 1919. By 1931 the amount had increased to $230,000. Since 


1931, funds provided for wheat investigations have varied from $155,- 
000 in 1934 to $275,600 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a series of varieties of hard red spring wheats, each 


somewhat more resi istant to rust than those previously available, has 
reduced the losses from stem rust since 1926 and kept losses negligible 
since 1935 in the Dakotas, Minnesota, and Montana.—Ceres, distrib- 
uted in North Dakota in 1926, was moderately resistant to many races 
of stem rust prexaest in the region. It was grown on 4.5 million 
acres by 1954, when Thatcher was ready for release from the Minne- 
sota station. Thatcher occupied 5.5 million acres in the United 
States by 1939 and was very resistant to all the races of stem rust 
prevalent in the region until 1950. It is susceptible to races 15 and 
15B first prevalent in 1950. Thatcher was not resistant to leaf rust; 

and, when stem rust was held in check, leaf rust caused damage to this 
variety. Asa result of continuing research and breeding, Rival, Pilot, 
and later Mida and Cadet, were released. As they were resistant to 
the races of both leaf and stem rust prevalent at that time, losses were 
held in check for several years. Basic research had shown, however, 
that races of leaf rust to which these varieties were susceptible were 
appearing in the wheat-growing areas of the United States in small 
qui antities by 1944. Lee, a variety resistant to all the races of leaf 
rust known in the United States at the present time and to all except 
races 15 and 15B of stem rust, which have been rare in the past, was 
distributed for growing in the spring of 1950. 

Development during the last 35 years of a series of varieties resistant 
to stinking smut and adapted for growing in the Pacific Northwest, 
which, along with improved seed see reduced the percentage of 
shipments of wheat grading smutty from 40 percent in 1931 to 2.8 
percent in 1942. Asa result of curtailed research, the percentage of 
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smut has gradually increased until in 1949 over 20 percent of the ship- 
ments graded smutty. In addition to dockage on the market, farmers 
have suffered serious losses in yield. 

Development during the last 35 years of a series of hard red winter 
varieties (the most recent including Pawnee, Comanche, and Wichita) 
adapted for growing in the southern Great Plains has greatly reduced 
the i from drought, diseases, lodging, and insects in that region. 
Extensive tests conducted in 1948 and 1949 indicated that these three 
improved varieties yielded on the average 10 percent more than 
Turkey, the variety formerly grown. According to a survey, they 
were grown on 18,000,000 acres in six States in 1949. The wheat yield 
in these States averaged 13.1 bushels per acre, giving a total increase 
of 23,000,000 bushels, or about $50,000,000, at no extra cost to the 
farmer. In addition these varieties, which have good milling and 
baking properties, replaced a large acreage of varieties of poor grain 
quality. N ew races of leaf rust which attack Pawnee (resistant to the 
races formerly present) appeared in 1948. 


F. SOME ADDITIONAL WORK NEEDED 


Research on diseases of wheat that have recently become more de- 
structive because of changing production practices, introduction of 
new races of diseases, or other unknown causes is essential if the de- 
velopment of resistant varieties and other control measures are to hold 
in check severe losses to this major food crop. Determination of the 
micro-organisms which cause diseases of wheat, the losses caused by 
them, the methods by which they attack plants, the number and dis- 
tribution of races, the influence of weather on their destructiveness, 
the development of techniques and methods for testing varieties and 
selecting for resistance, and the development of seed treatment. rota- 
tion, cultural, and other means of control are all dependent on con- 
tinuous basic research. New threats to stable production are con- 
stantly arising on a crop like wheat grown over such vast areas, and 
they may cause tremendous losses if changes in varieties or other 
methods of control are not made at once. In 1949 mosaic, a virus 
<lisease, caused heavy losses in Kansas and adjacent States. The dis- 
ease had been known since 1929; but, lacking support for research, 
remedies were not available. Conditions were especially favorable for 
its increase in 1949. Similarly, in 1950 races 15 and 15B of stem rust, 
not previously prevalent in this country, are causing heavy losses 
in North Dakota on wheat varieties resistant for 40 years to races 
previously prevalent. Very little is known about sources of resistance 
to these wheat rust races for use in breeding adapted resistant va- 
1ieties. It is necessary to have fundamental pathologic information 
on the causal organisms and on techniques for testing breeding mate- 
rials for resistance before resistant varieties or other methods of con- 
trol can be developed. 

Test wheats and wheatlike grass from all wheat-growing countries 
of the world to locate strains that have resistance to the many indi- 
vidual races of different diseases and insects as well as drought, winter- 
killing, and lodging.—Wheats having good resistance are to be used 
as parents in breeding adapted disease-resistant varieties of good 
milling and baking properties. Research on techniques for the trans- 
fer of these characters from wheat relatives to wheat will be needed. 
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DisEAsE- AND INsEcT-Reststant AND Harpy Varreties or Bar ery, 
Oats, AND WHeEeat AND IwpRoveD Meruops ror Tuetr Propuctrion 
FoR GRAIN, GRAZING, AND WINTER Sor Cover IN THE SoutTu 


(BPISAE—RM.: b-528—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop adapted disease-, insect-, and winter-resistant varieties 
of oats, wheat, and barley that will produce high yields of grain 
and pasture under the environmental conditions in the Southern 
States. Year-round pasture and feed grains are essential to the con- 
tinued development of the livestock industry in the South. Improved 
varieties of the small grains offer one of the most promising possibili- 
ties of providing ps isture and soil cover during the midwinter months 
and at the same time provide grain for feed. The greatest obstacles 
to increased use of the small grains in this area are the lack of adapted 
varieties resistant to the rusts, smuts, mildew, leaf spots, and root 
rots that cause such heavy losses because of the mild, moist winters, 
and the lack of research to dev elop other methods of disease control. 
This phase is receiving emphasis in the current work. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-528-1—Studies on the leaf-spot and foot-rot diseases of 
small grains in the South as a basis for breeding resistant varieties. 
To determine the prevalence, importance, and cause of the several 
leaf-spot and foot-rot diseases of oats, wheat, and barley in the South, 
to obtain information on these diseases essential for developing re- 
sistant varieties and other methods of control, and to cooperate with 
breeders in developing adapted resistant varieties. 

RM : b-528-2—Studies on powdery mildew of barley and the mosaic 
diseases of small grains in the South. To determine the number, preva- 
lence, and importance of the races of barley mildew and the mosaic 
diseases of oats, wheat, and barley; to obtain information on varietal 
reaction, and to develop methods for testing varieties and cooperate 
with breeders in the development of resistant varieties. 

RM: b-528-3—Identification of physiologic races of leaf rusts of 
wheat, oats, and barley and the loose smuts of wheat and barley in 
the South. To determine the prevalence and importance of the physi- 
ologic races of the rusts and smuts present in the South, to cate 
parental varieties resistant to each of the races, and to cooperate 
with breeders in developing adapted resistant varieties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


For many years leaders on the oats, wheat, and barley projects at 
Arlington Farm, Va., and later Beltsville, Md., furnished limited 
breeding materials to the southern State experiment stations for 

So 
selection and testing, which resulted in some progress in improving 
the small-grain varieties in this region. Diseases, insects, winter 
= S 
hardiness, and other problems are so serious in this area that a regional 
project was established in 1950 to make the best use of the ‘funds 
available and to assist in these regional phases. 
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D. FUNDS——-ANNUAL EXPENDITURES 


An allocation of $25,000 was made to initiate this project in fiscal 
year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Some information on the races of the rusts, smuts, and mildews 
that attack the small-grain crops in this region was obtained the first 
year. Large numbers of strains of wheat, oats, and barley from all 
over the world are being tested for reaction to different diseases, and a 
number have been located that have resistance to certain diseases and 
which may serve as parents for developing adapted resistant varieties. 


F. SOME ADDITIONAL WORK NEEDED 


Develop more winter-hardy oat and barley varieties ——Research is 
needed to determine the characteristics of oat and barley varieties that 
enable them to survive the more severe winter conditions, to develop 
techniques for testing hardiness of the large numbers of varieties 
from the world collection and breeding programs, and to breed more 
winter-hardy varieties that are also resistant to diseases and adapted 
to those areas of the South where winter conditions are more severe. 

Develop varieties of oats, wheat, and barley better suited for winter 
grazing.—V arieties of small grain differ greatly in growth habit, rate 
of growth during the fall, winter, and spring seasons, and in 
ability to survive severe grazing. Investigation of these factors should 
be made in order to determine the most desirable types and varieties 
for grazing purposes. 

Develop breeding methods for transferring from grass relatives re- 
sistance to diseases and other characters not now available in culti- 
vated varieties to adapted varieties of oats, wheat, and barley. 


ImprROVED SAWFLY-REeEsIsTANT VARIETIES OF WueEat, Berrer CuLruraL 
PRACTICES, AND INSECTICIDAL MEASURES FOR CONTROL OF THE WHEAT 
Stem SAWFLY 


(BPISAE-BEPQ—RM: b-314—Federal-State—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop measures, including the breeding of adapted resistant 
varieties, and cultural practices for the control of the wheat-stem saw- 
fly. Current work is particularly concerned with the development of 
experimental methods and the testing of some 8,000 varieties of wheat, 
collected from all parts of the world, in an effort to locate varieties 
resistant to sawfly for use as parents in crosses with adapted varieties 
that have resistance to stem and leaf rust and the smuts and are of 
good grain quality. From such crosses should come varieties in which 
are combined all these desirable characters. Present investigations 
are also concerned with determining the value of cultural practices 
such as time of plowing and seeding, rotations, and “trap plantings” 
on sawfly control. 


78552—51—-vol. 1——-35 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-314-2—Cultural control (BEPQ). To determine the value 
of plowing, type of surface cultivation, crop rotation, date of plant- 
ing, and early “trap plantings” for sawfly control. 

RM : b-314-4—Resistant wheat varieties (BEPQ). BEPQ to de- 
velop methods of determining the sawfly resistance of wheat varieties 
and selections, and to supply the entomological assistance needed by 
BPISAE in breeding better sawfly-resistant wheats. 

RM: b-314-5—Breeding good-quality, high-yielding, disease-resist- 
ant varieties of hard red spring wheat resistant to wheat-stem sawfly 
for the northern Great Plains (BPISAE). As the breeding of 
resistant varieties is the most promising means of controlling sawtly in 
wheat, efforts are being directed toward locating sources of resistance 
to this pest for use in breeding disease-resistant varieties of hard red 
spring wheat, with good milling and baking quality, that resist sawfly 
and are adapted for growing in the area where this insect is causing 
heavy losses. 

RM: b-314-6—Breeding good-quality, high-yielding, disease-resist- 
ant, winter-hardy varieties of wheat that are resistant to wheat-stem 
sawfly and adapted for growing in Montana and adjacent States 
(BPISAE). To locate sources of resistance to sawfly for use in breed- 
ing disease-resistant varieties of hard red winter wheat, with good 
milling and baking quality, that are also resistant to the ey and 


adapted for growing in the area where this insect is causing heavy 
losses. 





C. HISTORY AND EVOLUTION OF THE WORK 


Observations made from 1911 to 1919, when sawfly was causing con- 
siderable damage to the spring wheat crop, indicated that plowing 
under infested stubble, summer fallowing, and rotation of wheat with 
nonsusceptible crops somewhat reduced losses. The insect caused 
very little damage during the years 1919 to 1939. By 1940 it had again 
increased in prevalence and intensity. Research had been under- 
taken in Canada to develop resistant varieties. Rescue, the first saw- 
fly-resistant adapted variety developed in the Canadian program, was 
ready for increase following the 1944 harvest. The Montana Agri- 
cultural Experiment Station and the Department acting jointly ar- 
ranged with Canada for increasing the available seed by growing 
a winter crop in Arizona. The Canadians divided the seed produced 
in Arizona, part of it being sent to Montana and part to Canada in 
time for spring planting in 1945. By 1949 Rescue was grown on 
nearly a million acres in Montana and North Dakota. Rescue was the 
best available variety, and it was released as an emergency measure. 
It is not highly resistant to the rusts and has only fair quality for bread 
making. Beginning in 1945, in cooperation with the Montana Agri- 
cultural Experiment Station, very limited preliminary breeding in- 
vestigations were undertaken for developing adapted sawfly-resistant 
varieties having in addition resistance to the rusts and satisfactor 
grain quality. In 1947, in cooperation with the Montana and North 
Dakota Experiment Stations, work on the purely entomological phases 
of the problem was resumed. In fiscal year 1949, with the initiation 
of project RM: b-314, breeding and entomological phases of the pro- 
gram were enlarged both in Montana and North Dakota. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Expenditure of RMA funds by BPISAE was $10,000 in fiseal year 
1949 and $12,500 in 1950. Expenditure of RMA funds by BEPQ 
was $18,900 in 1949 and $17,500 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of wheats resistant to sawfly—Tests conducted on some 
5,000 varieties of wheat collected from all parts of the world and tested 
for sawfly resistance in 1949 and 1950 have revealed that about 200 
were less severely infested than Rescue. None of these are adapted 
varieties, but together with Rescue they are available for use as 
parents for developing adapted, rust-resistant varieties of good 
quality. 

Cultural methods for the control of sawfly are being investigated. — 
Results in 1948-49 from tests comparing six methods of treating 
stubble in the fall to kill sawfly larvae overwintering therein indicate 
that deep plowing and surface cultivation with the one-way disk may 
reduce winter survival of the insect. 

Ewperiments on date of seeding spring wheat have revealed the im- 
practicability of delaying the seeding to avoid infestation because the 
reduction in yield due to late seeding outweighs any advantage from 
reduction in sawfly infestation. 


F. SOME ADDITIONAL WORK NEEDED 


Development and evaluation of sawfly-resistant varieties. — 
Although some 200 varieties having resistance to sawfly have been 
located, research and breeding investigations should be expanded 
in order to transfer the best types of resistance now available from 
the world collection of wheats to adapted varieties also resistant to 
stem rust, leaf rust, and loose smut and satisfactory in grain quality. 
Breeding resistant adapted varieties is recognized as the most promis- 
ing method of controlling the sawfly. 


Hess1an Fry INVESTIGATIONS 
(BEPQ—I-e—-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods of control for the 
Hessian fly. Losses caused by this insect are estimated to average 
about 17,000,000 bushels of wheat annually. Currently the work con- 
sists in (1) cooperating with plant breeders in developing varieties of 
wheat and barley having high resistance or immunity to the Hessian 
fly as well as other essential characteristics, including high yield and 
quality and resistance to rusts, smuts, and other diseases; and in (2) 
determining the identity, distribution, habits, and importance of 
insects parasitic on the Hessian fly and the possibility of utilizing them 
in its control. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-e—-1—1—Hessian-fly-resistant wheats. To discover wheat varieties 
having high resistance or immunity to the Hessian fly and aid the 
BPISAE and State experiment station wheat breeders in utilizing 
this in their wheat-improvement program. 

I-e—1-2—Hessian-fly-resistant barleys. Same objectives for barley 
as described for wheat under I-e—1-1. 

I-e-1-3—Hessian-fly parasites. 'To determine the identity, distri- 
bution, and importance of insect parasites of the Hessian fly, to colo- 
nize certain species in areas where they do not now occur, and to 
import from abroad and colonize other species not already found in 
the United States. 

I-e-14—-Hessian-fly surveys. To determine Hessian fly abundance 
at ‘harvesttime as an index of emphasis needed on observance of estab- 
lished safe dates for sowing the succeeding winter wheat crop to avoid 
fall infestation, and to obtain data for use in studies of Hessian-fly 
biology, parasites, and resistant varieties. 





C. HISTORY AND EVOLUTION OF THIS WORK 


The Hessian fly is the worst insect pest of wheat. More or less con- 
tinuous efforts have been made to find satisfactory methods of con- 
trolling it since Revolutionary times. These efforts have resulted in 
fairly successful control methods, including the plowing under of in- 
fested wheat stubble to prevent emergence of the flies and the growth 
of volunteer wheat on whieh they multiply, the rotation of w heat with 
other crops in which they do not breed, and the delaying of winter 
wheat seeding until the danger of fall infestation is usually past. 
From about 1910 to 1940, field plot experiments conducted throughout 
most of the winter wheat region resulted in the establishment and 
publication of the best dates of sow ing to avoid fall infestation. Wide 
observance of these planting dates by farmers has been of great value 
in reducing losses caused by the Hessian fly. Since about 1935 the 
work has been directed mainly toward the discovery and development 
of fly-resistant varieties of wheat. This work has already resulted 
in the release and wide agricultural use of two fly-resistant varieties 
suited to California conditions and two partially fly-resistant varieties 
suited to Kansas conditions. Resistant varieties suited to the more 
eastern soft winter wheat region and better resistant varieties for the 
Central States hard winter wheat region are now in the advanced 
stages of breeding for release to farmers. 


D. FUNDS-—-ANNUAL EXPENDITURES 


No records are available prior to 1922, but considerable sums were 
devoted to this problem annually from 1904 to 1921. Annual expendi- 
tures gradually increased from $20,000 in fiscal year 1922 to $35,400 
in 1949 and $32,800 in 1950, all of the above being from regular funds 
except approximately $3,000 per year from “Emergency outbreak” 
funds for harvesttime surveys during the fiscal years 1943 to 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


“ 


Cultural methods developed for Hessian-fly control—It was shown 
that serious damage by the fly can usually be prevented by the use of 
as many as possible of the following cultural control measures; prompt 
plowing under of the stubble of infested wheat after harvest ; eultiva- 
tion to prevent growth of volunteer wheat; rotation of crops; and, of 
most importance, the observance of safe sowing dates. The last cul- 
tural method is now universally adopted by farmers all over the winter 
wheat growing region. 

Varieties of wheat resistant to Hessian fly developed. ‘The develop- 
ment, release, and general use of resistant varieties in California, Kan- 
sas, Nebraska, and Oklahoma has reduced abundance of the fly and 
the heavy losses of grain it has caused in those areas. 

Biological studies made cultural control possible —Extensive studies 
of the habits, distribution, host plants, and importance of the fly in 
relation to environmental conditions led to the development of prac- 
tical cultural control methods and resistant varieties. 


F. SOME ADDITIONAL WORK NEEDED 


Development of resistant varieties—Much remains to be Gone on 
the breeding of more desirable Hessian-fly-resistant varieties of wheat 
and barley possessing the other important good qualities for commer- 
cial production in the various winter wheat regions which grow differ- 
ent types of wheat. No resistant varieties are yet available for the 
eastern soft winter wheat region, and varieties that are more resistant 
than those already released are needed for the central hard winter 
wheat region. The breeding of these wheats is necessarily a long-time 
— but promises to be an ideal solution of the Hessian-fly prob- 

em. 

Annual harvesttime abundance survey.—This is essential as.a basis 
for extension work to obtain annual farmer observance of the safe 
sowing dates until such time as fly-resistant varieties come into general 
use, and to obtain information needed in the resistance and parasite 
studies. 

Distribution, abundance, and value of parasites.—A portion of the 
extensive information obtained on parasites of the Hessian fly has not 
yet been summarized and published. The results of these studies 
should be compiled and published for future reference and use. 


Corn Earworm INVESTIGATIONS 
(BEPQ—I-e-2—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to discover and develop methods of 
controlling the corn earworm and ways to alleviate the damage it 
causes to corn. The corn earworm is one of the most widely distrib- 
uted and generally injurious corn insects in this country and is also 
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a serious pest of cotton, tomatoes, and other crops. The annual 
damage caused to field corn alone by this insect has been estimated 
to be not less than $75,000,000. The nature of the current work is 
(1) the development of lines of field and sweet corn resistant to the 
corn earworm, (2) the development of insecticidal control methods 
and equipment, especially for use on sweet corn grown for market, 
canning, or seed, and (3) the making of such observations on the 
habits and seasonal history of the earworm as are necessary in the 
prosecution of resistance and insecticide studies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-2-1—Resistant strains of corn. To find and develop strains of 
field and sweet corn resistant to the corn earworm for use in the 
corn-improvement breeding program in cooperation with other 
agencies of the Department and with the States. 

I-e-2-2— Insecticidal control. To improve the insecticidal methods 
of controlling the corn earworm, including reduction of treatment 
costs on market sweet corn and possibly on canning and field corn, in 
cooperation with other Department agencies and with the States. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The earworm was recognized as a pest of corn and cotton as early 
as 1841 and frequent observations on it were made during the next 50 
years. In 1893 a report on the insect as a pest of cotton was prepared 
by the Department and in 1905 the results of a more extensive study 
of it also were published. Investigations of the earworm as a pest 
of corn were conducted on a small seale in 1915 and have been con- 
tinued in a more or less active status since. Much valuable informa- 
tion was obtained in the early work on the insect’s habits, parasites, 
food plants, and on the value of cultural control. Because of particu- 
larly serious damage by the earworm in the early 1930’s, the project 
was expanded in 1934 and the research directed toward the finding of 
a satisfactory insecticidal control and the discovery and utilization 
of resistant strains of corn to reduce losses. Work in those directions 
has continued to date. Effective and practical methods of controlling 
the earworm in sweet corn with refined mineral oil or with oil emul- 
sions containing an insecticide were developed and published recently. 
Several varieties of both field and sweet corn possessing substantial 
earworm resistance were discovered and now are used in the corn- 
improvement program. 


D, FUNDS—-ANNUAL EXPENDITURES 


{xpenditures for research on the corn earworm probably did not 
amount to more than $2,000 a year prior to 1915, and not over $5,000 
annually from 1916 to 1931. From 1932 to 1934 between $8,000 and 
$12,000 was spent yearly on the project. In 1935 the work was some- 
what expanded and the annual appropriations for the 9-year period, 
1935-48, ranged from $17,000 to $23,000. An average of about $27,000 
was spent annually on the project from 1944 to 1949 and $32,300 was 
allotted to it for the fiscal year 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Basic information on corn earworm and its habits accumulated and 
published.—This knowledge is necessary to the development of control 
methods. 

Cultural control methods discovered.—It was shown that itijury to 
field corn can be reduced by growing strains of corn having long tight 
husks and, in the South, by early planting. 

Insecticidal control methods discovered that save 60 to 90 percent 
of sweet-corn crop.—Control in sweet corn or seed corn is possible 
now with machine application of oil-emulsion sprays containing in- 
secticides, Injection by hand of refined mineral oil, with or without 
pyrethrins, into the ear silks of sweet corn or seed corn protects ears 
from damage. Growers now use the spraying method on sweet corr: 
extensively 1 in sections where earworms once made commercial produc- 
tion of this crop impossible. 

Improvements made in application equipment—The effectiveness 
of certain insecticidal emulsions for earworm control depends to a 
large extent on the suitability of the equipment used for applying 
them to corn ears. Application equipment has been much improved 
as a result of recent research in cooperation with engineers of other 
Department agencies. 

Rie sweet corn hybrids highly resistant to the earworm have been 
placed on the market in recent years as a result of Bureau research. 


F. SOME ADDITIONAL WORK NEEDED 


Research needed to find and utilize new insect-resistant strains of 
corn.—Although this is a long-time project, it offers much promise 
as a sound solution of the earworm problem, especially in field corn, 
which cannot now be treated profitably with insecticides. 

Improvement needed of insecticidal treatments in sweet corn and 
extension of their use to other types of corn. Present insecticides need 
further tests to determine the most effective and economical formula- 
tions, dosages, and application equipment. 


European Corn Borer INVESTIGATIONS 
(BEPQ—I-e-3—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop ways of controlling the 
European corn borer. This insect pest is one of the most important 
of all insects in this country. In 1949, it caused the loss of 313,000,- 
000 bushels of corn. The work now in progress concerns investiga- 
tion (1) to develop more effective cultural and insecticidal methods 
for control of the European corn borer, (2) to find and develop strains 
of corn resistant to the borer, and (3) to advance the use of parasites 
of the borer as an aid in its natural control. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-e—5-1—Resistant or tolerant strains of field corn. To find sources 
of field corn resistance or tolerance to the borer for use in the corn- 
improvement breeding program, in cooperation with BPISAE and 
State experiment station corn breeders. 

I-e—3-2—Resistant or tolerant strains of sweet corn. To find sources 
of sweet corn resistance or tolerance to the borer for use in the corn- 
improvement breeding program, in cooperation with BPISAE and 
State experiment station corn breeders 

I~e-3-3—F actors responsible for resistance or tolerance. To deter- 
mine factors that will increase corn resistance or tolerance to the 
borer for use in the corn-improvement breeding program, in cooper- 
ation with BPISAE and State experiment station corn breeders. 

I-e-3-4—Egg production for use in resistance tests. To produce 
corn-borer eggs for use in hand infestation of corn plants under inves- 
tigation in the corn-resistance program. 

‘Le-3. 5—Laboratory tests of insecticidal materials. To find more 
effective and cheaper insecticides for use in control of the corn borer. 

J-e—3-6—Field tests of insecticidal sprays. To improve and extend 
the use of insecticidal sprays for corn-borer control. 

I-e-3-7—Field tests of insecticidal dusts. To improve and extend 
the use of insecticidal dusts for corn-borer control. 

~e-3—8—Insecticide application equipment. To develop and im- 
prove equipment for ground and airplane applications of insecticides. 

I-e-3-9—Parasite biology. To obtain information on the biology 
parasites of the corn borer as an aid in their utilization in the nat- 

‘al control of the borer. 

ee 10—Parasite colonization. To utilize parasites as an aid in 
the natural control of the corn borer. 

J-e—3-11—Parasite field status. ‘To determine the establishment, 
maintenance, dispersion, and effectiveness of corn-borer parasites. 

I~e—3-12—Seasonal development. ‘To determine the seasonal devel- 
opment of the borer in relation to weather and other environmental 
ee cropping practices, and control in different areas. 

I-e—3-13—Surveys of abundance, distribution, and damage. To de- 
termine the abundance and distribution of the corn borer and losses 
caused by this insect. 

I-e-3-14— Effects of climatic factors, cultural operations, parasites, 
and predators on abundance. To determine and improve the value 
of natural enemies and cultural practices for control of the corn borer. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on the European corn borer was started in 1919 following 
discovery of the insect in Massachusetts in 1917. Early emphasis 
was placed on studies of its seasonal development and habits, its eco- 
nomic importance in this country and in its European and Asiatic 
habitats, the identity of its many host plants, the importation and 
colonization of parasites from abroad, and problems concerned with 
its immediate control and prevention of spread into the important 
corn-growing areas of the United States. Despite quarantine restric- 
tions and extensive eradication efforts, for which a $10,000,000 appro- 
priation was made in 1927 and continued for several years, the corn 
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borer gradually spread westward. It now infests practically the 
entire Corn Belt. The spread and abundance of the pest were 
determined by annual surveys, and research activities were revised and 
expanded in keeping with the increasing economic importance of the 
borer. More recent research has been concentrated on control with 


insecticides, on parasite colonization, and on the development of borer- 
resistant strains of corn. 


D. FUNDS—ANNUAL EXPENDITURES 


Research on the European corn borer started with an expenditure 
of about $15,000 in 1919, and averaged $25,000 in each of the years 
1920 and 1921. From 1922 to 1926, from $52,000 to $72,000 was spent 
annually on the project. In 1927 approximately $111,000 was ex- 
pended on research. With an expansion of the research program, 
annual expenditures varied between $177,000 and $267,000 during the 
period 1928 to 1934. From 1935 to 1942, the yearly appropriation 
averaged about $80,000. Annual appropri: ations for 1943 to date have 
ranged from $101,000 in 1945 to $141,900 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Practical cultural control measures developed.—These include dis- 
posal of infested cornstalks, clean plowing, tent planting dates, and 
modified cropping practices. All these practices are based on de- 
tailed studies of the habits of the borer as related to development of 
the corn plant. 

Practical insecticidal control measures developed.—As a result of 
years of research, insecticides are now used extensively and profitably 
by farmers against the borer on millions of acres of field corn and thou- 
sands of acres of sweet corn. In Towa in 1949, the estimated gain in 
yield through use of this control method was between 10 and 17 bushels 
of corn per acre. 

Resistant corn strains found.—The release and near release of sev- 
eral field- and sweet-corn hybrids better able to withstand corn-borer 
damage than many of the hybrids in common use are the result of 
finding strains of corn resistant to the borer and breeding this resist- 
ance into more desirable hybrids. This finding may prove to be of 
inestimable value to corn growers. 

Borer parasites found, imported, and colonized.—The importation 
and colonization of several parasites of the borer over much of the 
infested territory has been appreciably beneficial. One widely dis- 
yersed species often parasitizes 25 percent or more of the corn borer 
even: Another species is equally effective in some States. 


F. SOME ADDITIONAL WORK NEEDED 


Development of more efficient, safe, and economical insecticides and 
improved application equipment needed.—Insecticides now in use give 
greatest control when applied several times during the season as a 
spray from ground equipment. New insecticides are constantly ap- 
pearing, and some may be found that are more effective against the 
borer than those now in use, are also safer than parathion to apply, 
and present less residue hazards than DDT. A spray that would be 
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equally effective when applied by either ground equipment or by 
aircraft or dusts that aatabk give control equal to that of sprays would 
find ready use in the economy of corn borer control. Improvements 
in insecticide application equipment, especially on aircraft, are very 
much needed. 

Additional search for and development of more and better strains 
of corn resistant to the borer needed.—This is a long-time project. 
Only a small proportion of the corn varieties of the world have yet 
been tested for their resistance to the borer. The discovery of even 
one immune strain would be of immeasurable value in a corn-improve- 
ment breeding program. 

Importation of additional parasites from Europe and Asia needed.— 
A number of foreign parasites of the borer have not yet been tested 
in different sections of this country. Some of these might be valuable 
aids in biological control. 

Evaluation of recent mechanical devices for corn-borer control 
should be made.—Stalk choppers and other mechanical devices for 
control of the borer have been developed by industry in recent years. 
These are being used by many growers. The control value of such 
equipment lias not been adequately determined. 


INVESTIGATIONS OF THE SOUTHWESTERN CorN Borer 
(BEPQ—I-e-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this research is to find methods of controlling the 
southwestern corn borer. This insect is one of the most important 


pests of corn in the Southwest. It also infests broomcorn, sorghum, 
sugarcane, Sudan grass, and Johnson grass, It crossed the south- 
western dryland barrier recently and reached the western fringes of 
the main Corn Belt in Kansas. This insect caused such extreme losses 
in yield that growers in six south-central Kansas counties reduced 
their acreage of corn from 116,000 in 1943 to about 44,000 in 1944. It 
has been found in south-central Nebraska and my become an im- 
a 


portant detriment to corn production as it spreads farther north and 
east into the main Corn Belt unless practical control measures can be 
found. Currently, studies are conducted on its biology, distribution, 
importance, and natural enemies, and cultural, insecticidal, and other 
methods for its control are under investigation. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-4-1—Distribution and importance. To determine its distribu- 
tion, spread, and importance, and locate the best areas in which to 
conduct studies on its biology and control, and on the release of 
parasites. 

I-e4+2—Biology. To determine points in its life and seasonal 
history where control measures can be applied most effectively. 

I-e4+—3—Natural enemies. To determine the identity, importance, 
and distribution of natural enemies of the borer with a view to their 
utilization in control, 

I-e-4-4—Cultural control. To determine practical cultural pro- 
cedures and crop rotations most likely to avoid or reduce infestations. 
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J-e4-5—Insecticidal control. To find practical insecticidal control 
measures. 

I-e4+—_6—Resistant strains of corn. To find varieties or lines of 
corn resistant or tolerant to the borer and utilize them in the corn im- 
provement breeding program. 


C. HISTORY AND EYOLUTION OF THIS WORK 


Intermittent investigations on the biology and control of the insect 
were conducted in Arizona, Texas, and New Mexico from 1921 to 
1936. When these had yielded such information and recommendations 
as apparently were obtainable at that time, they were discontinued 
and the results published. As a result of increased depredations by 
the pest in Kansas and Oklahoma during the early 1940’s, the Bureau 
cooperated in efforts by a State entomologist to establish in Kansas one 
of the parasites that had been found most effective against the insect 
in Arizona. Apparently, however, this parasite has not been able to 
survive there and other measures of control must be found. Work was 


resumed on the problem in 1947 and has continued on a small scale 
since. 


D. FUNDS—-AN NUAL EXPENDITURES 


Expenditures for this work over the period 1921-36 averaged about 
$3,000 yearly. From 1922 to 1946, the project was inoperative. In the 
years 1947-49, between $10,000 and $12,500 was spent annually on it, 
and in the fiscal year 1950 the allotment was $8,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Biological and cultural control information obtained.—Basic infor- 
mation was obtained and published on the insect’s habits, host plants, 
distribution, importance, parasites, and control by adjustment of 
planting dates; on Sareeal of infested corn stubble and grasses; and 


on early ponreenng and substitution of sorghums for corn. 


Distribution and importance of borer determined.—Annual surveys 
defined the northward and eastward spread of the insect into more 
extensive corn growing areas and provided necessary data on the 
importance of the problem and the most practical approach to it. 


F. SOME ADDITIONAL WORK NEEDED 


Investigation of insecticidal methods of control.—Tests of insecti- 
cides to date have been only preliminary and exploratory. It seems 
likely that a useful insecticidal method of control can be worked out 
for the southwestern corn borer in view of the success obtained with 
insecticides against the European corn borer and sugarcane borer. 

Search for and utilization of resistant strains of corn—The most 
hopeful prospect of reducing or preventing losses caused by the borer 
is the discovery and improvement of resistant lines and hybrids, judg- 
ing from studies to date. More intensive effort in this direction is 
indicated. 

Studies of biology, distribition, and abundance of the borer in rela- 
tion to climatic conditions and corn growing in different areas should 
be continued in order to determine where it is already, or is likely to 
become, an important factor in corn production in the main Corn Belt. 
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Efforts to colonize important parasites should be made in areas 
where they are not yet known to occur. 


































INVESTIGATIONS OF MisceLLANEOUS Insects ATTACKING CEREAL AND 
GRASS CROPS 


(BEPQ—I-e-9—Federal-State—Regular Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 





The purpose of this work is to develop means of controlling several 
important insect pests of cereal and grass crops, not including the 
Hessian fly, by cultural or insecticidal methods and to develop varieties 

of crops resistant to them. The chinch bug, a small sucking insect, 1 

a serious pest of corn and small grains and, although much more 
abundant in some years than in others, causes an estimated aver “age 
annual loss of $15,000,000. The greenbug, a small plant louse, ‘is 
responsible some years for many millions of dollars’ worth of damage 
to small grains in the Central and Southeastern States. White grubs, 
the young of May beetles, in some years seriously injure thousands of 
acres of sod in bluegrass pasture and also do extensive damage to 
various field crops as well as to lawns. Damage by these and several 
other similar pests, most of which are rather widespread, is an impor- 
tant factor in the production of cereals and grasses. Emphasis is 
currently placed on an investigation of insecticides for control of the 
greenbug and chinch bug, and on the resistance of small grains to these 
two insects. Some ine ide sntal research is also under way on other in- 
sects destructive to cereal and grass crops, including white grubs, 
wheat jointworms, strawworms, and sawflies. 
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B. CURRENTLY ACTIVE LINE PROJECTS 








[-e-9-1—Biology and habits of chinch bug in relation to cultural 
control. To obtain a more thorough knowledge of (1) the insects’ 
habits with respect to crops attacked, (2) control by crop rotation and 
cultural methods, and (3) estimates of expected abundance based on 
numbers present in hibernation quarters. 

I-e-9-2—Chinch bug resistant or tolerant crops. To find sources 
of resistance or tolerance to the chinch bug in sorghum, corn, and 
small grains for use in crop-improvement programs in cooperation 
with BPISAE and State experiment station plant breeders. 

I~e-9-3—Chinch bug barrier materials. To discover and develop 
ore effective and economical barrier materials for use in chinch bug 
control, 

J-e-9-+4—Chinch bug insecticides. To improve insecticidal con- 
trol measures by use of new insecticides and improved application 
methods. 

I-e-9-6—White grub cultural control. To determine the control 
value of various rejuvenation practices in pasture lands. 

I-e—-9-7—Crops resistant or tolerant to greenbug. To find sources 
of resistance or tolerance to the greenbug in small grains for use in 
the small grain improvement breeding program, in cooperation with 
BPISAE and State e xperiment station plant breeders. 
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I-e-9-8—Insecticidal control of greenbug. To determine the prac- 
ticability of using insecticidal sprays and dusts for the control of 
greenbugs ¢ attacking small grains. 

1-e-9-9—Resistance or tolerance of wheat to jointworms, straw- 
worms, and sawflies. To find sources of resistance or tolerance to joint- 
worms, strawworms, and sawflies in wheat for use in the wheat im- 
provement breeding program, in cooperation with BPISAE and State 
experiment station plant breeders. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The chinch bug received attention as early as 1904 and has been 
studied intermittently since then, especially during outbreak periods, 
to learn its habits and find methods of control, Methods of trapping 
and destroying the bugs during their migrations from small grains to 
corn, modifications in crop rotations to prevent multiplication, in- 
secticidal sprays and dusts, the existence of resistant varieties of corn 
and small grains, and other possibilities for control have been ex- 
plored. The best of these control methods are being improved and 
adjusted to changing conditions, and new and more powerful insec- 
ticides are being tested. 

Studies of the greenbug were started in 1884 shortly after the insect 
was first discovered in the United States. Duri ing the next few years 
the bug was found over much of the country, and beginning with 
heavy localized infestations in 1901, outbreaks of the pest have oc- 
curred frequently in various States in the Mississippi Basin, some- 
times, as in 1949, from Texas north to the Canadian border. The 
distribution, life history, habits, and natural enemies of the insect 
were first worked out but no satisfactory control measures were found 
until recently. The discovery and demonstrated value of new power- 
ful insecticides in recent years stimulated research to determine their 
practicability against the greenbug. During a widespread outbreak 
in 1949, several of the new materials gave satisfactory control when 
applied by airplane or power sprayers to infested small grains, and in 
1950 sprays and dusts of these new chemicals were rec ommended and 
used extensively in Southwestern States. 

White grubs, the larvae of May beetles, have been studied inter- 
mittently since 1904. The current program, however, dates froin 1933 
when investigations were resumed in Midwestern Lake States. 
Studies were made to determine the identity, habits, and distribution 
of the many species of white grubs involved, and methods were de- 
veloped for their control by means of cultural measures and insecti- 
cides. Most of the information obtained to date is either published 
or in process of publication. 

Considerable research was accomplished from time to time on 
several species of jointworms, strawworms, and sawflies, which se- 
riously damage wheat in the east-central and eastern States and cul- 
tural practices of various kinds have been developed and recommended 
for their control. 

A number of other important insect pests of cereal and grass crops 
have also been studied to some extent. These include the range cater- 
pillar, which at times causes extensive losses of range forage i ia New 
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Mexico; many cutworms and armyworms, which attack cereal and 

‘ass crops; sod webworms, which sometimes seriously injure grass- 
tg corn, and other crops; and certain important species of ants, 
which cut off the foliage or seeds of field crops. 


D. FUNDS—-ANNUAL EXPENDITURES 


From about 1900 to 1921 annual expenditures on the investigation 
of these insects probably did not exceed $5,000 to $10,000. From 
1922 to 1933 the annual allotments for this work varied from $13,000 
to $17,700; from 1934 to 1943, $24,000 to $50,000; only $6,000 to 
$8,000 in 1944-46; and $20,000 to $30,000 in 1947-49. The allotment 
was $18,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fundamental knowledge obtained on the distribution, importance, 
habits, and development of the most important cereal and grass insects 
is an absolute necessity in working out control measures. 

Practicable methods devised for control of chinch bugs.—It was 
shown that dust and chemical barriers can be used to prevent chinch 
bug migrations from infested small-grain fields to adjoining unin- 
fested fields of small grains, grasses, corn, and sorghum. Farmers 
have saved many million dollars’ worth of crops by this method. It 
was also shown that chinch bugs can be controlled on valuable grasses 
and grains being grown for seed by the use of certain new insecticides. 

Insecticides found for effective greenbug control.—New insecticides 
were successfully applied to over 500,600 acres of small grains heavily 
infested with cade has in 1950 in Oklahoma, Texas, and Kansas, 
thus saving the infested grains from nearly total destruction. There 
was no previously known control for this serious pest. In the 1950 
greenbug outbreak alone this development saved farmers many mil- 
lions of dollars and made available many millions of bushels of needed 
small grains. 

Resistance of small grain varieties to greenbug attack, and of small 
grains, corn, and sorghums to chinch bug infestation discovered.— 
A considerable number of barley varieties and several strains of 
wheat have been found with very high resistance to attack by the 
greenbug. Certain strains of corn and sorghums were found to possess 
resistance to chinch bugs. Factors for resistance to these pests in 
different crops are being utilized now by breeders in crop-improvement 
programs. 

Cropping practices determined most practical means of prevention 
and control of white grubs.—It was shown that white grubs can be 
prevented from doing serious damage to field crops by including 
eas legumes in the rotation, especially in years of heavy beetle 
flights, and by avoiding the planting of susceptible crops on lands 
already heavily infested. A system of renovating bluegrass by culti- 
vation and the use of resistant legumes was also shown effective 
against grubs in pasture lands. 

Cultural methods developed for control of jointworms, strawworms, 
and sawflies.—Satisfactory control of these insects was demonstrated 
by crop rotations and such practices as either deep or shallow plowing, 
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adequate fertilization, etc., the practice depending on the particular 
insect involved and the prevailing soil and drainage conditions. 

Insecticides found effective against armyworms, cutworms, und sod 
webworms.—It was demonstrated that armyworms and most cutworms 
are killed easily with poisoned bran baits broadcast by hand or with 
power or airplane equipment. More recently, application of several] 
of the new insecticides successfully destroyed heavy infestations of 
these insects. 

Leaf-cutting ants shown to be controlled by fumigation of their 
nests.—Tests showed that by thorough fumigation at the right time 
of year colonies of certain species of ants damaging cereal and grass 
crops can be completely killed. Large acreages have been practically 
cleared of these ants by this method. Successful methods of con- 
trolling red harvester ants by use of insecticidal dusts around their 
colonies were also developed. 


F. SOME ADDITIONAL WORK NEEDED 


Tests of new insecticides against insects of cereal and grass crops 
needed.—Relatively little work has been done to determine the effec- 
tiveness of various new insecticides against these pests, and the best 
dosages, formulations, and methods of application to use are of course 
unknown. New insecticides and the use of airplanes to apply them 
open up new possibilities for the control of a number of the insect 
pests of cereal and grass crops for which no satisfactory control 
measures are known now. 

Data on insecticidal residues left on treated farm crops must be 
obtained.—In addition to determining the efficiency of new insecti- 
cides against the insect pests of forage crops, the amount and per- 
sistence of insecticide residues on these crops, and the poison hazards 
they may present to livestock and man must be ascertained before 
they can be recommended for practical use. 

Cultural methods for the control of these insects need to be revised 
in relation to modern soil-conservation programs and agronomic 
practices. 

Resistance of cereal crops to chinch bugs and greenbugs should he 
further investigated and the results made available to breeders for 
use in their crop-improvement programs. 


Wreat Stem Sawrrty INvVEstTIGATIONS 
(BEPQ—I-e-12—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of these investigations is to work out methods for the 
control of the wheat stem sawfly. This insect is estimated to have 
caused an $8,000,000 annual loss of wheat in North Dakota and Mon- 
tana in some recent years. The nature of the work consists of (1) field 
surveys and studies to obtain information on the distribution, abun- 
dance, and habits of the insect and its parasites basic to the develop- 
ment of controi methods; and (2) laboratory and field-plot tests to 
ascertain the usefulness of insecticides for its control. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-12-1—Biology. To determine the life history, habits, racial 
varieties, if any, and identity of this sawfly and its natural enemies, 
as a basis for the development of control measures. 

I-e-12-2—Insecticidal control. Laboratory and fiield-plot tests of 
insecticides to determine their practical usefulness in controlling the 
sawfly. : 

I-e-12-3—Surveys. To determine abundance, extent, and spread 
of sawfly infestation, what host plants the sawfly breeds in, and its 
potentialities as a pest of winter wheat and other small grains as 
well as spring wheat. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Field observations from 1911 to 1919 resulted in the issue of two 
Department publications on the sawfly and its control by plowing 
under infested stubble, by summer fallowing, and by rotation of wheat 
with nonsusceptible crops. With the subsidence about 1919 of the 
sawfly as a serious pest, very little work was done on it until its recur- 
rence in damaging numbers beginning about 1940. Further investi- 
gations were then begun by the Montana and North Dakota experi- 
ment stations. Although cultural control measures and a sawfly- 
resistant variety of wheat had in the meantime been developed by 
Canadian workers, these have not been found satisfactory under Mon- 
tana and North Dakota conditions. Work on the problem was there- 
fore resumed by the Department in 1947. 


D. FUNDS——-ANNUAL EXPENDITURES 


Annual expenditures during the period 1911 to 1919 were about 
$2,000. During the period 1920 to 1930, expenditures were about $500 
annually. No funds were expended on the problem during 193 
to 1946. Expenditures increased from approximately $6,000 in 1947 
to $41,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Areas infested determined.—Extensive surveys show the prevalence 
of severe infestations of wheat steam sawfly in the spring wheat areas 
of northwestern and northeastern Montana and northwestern and 
north-central North Dakota. It thas not become a pest elsewhere 
although it has been present for many years, mostly in wild grasses, 
ina much larger portion on the northern Great Plains States. 

Seasonal history and habits recorded.—Three years’ records of this 
insect’s seasonal and life history and its comparative abundance in 
different crops and host plants have been obtained in northwestern 
Montana and northwestern North Dakota. 

Insecticidal control may be possible.—It has been learned that con- 
siderable mortality of the larvae inside the wheat stems results from 
penetration of certain new insecticides into stems when applied exter- 
nally, apparently without injuring the plants, although poor control 
of the adult sawflies was obtained in tests of the most powerful insecti- 
cides yet known. 
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F. SOME ADDITIONAL WORK NEEDED 


Studies to determine possibility of insecticidal control.—It was once 
thought that insecticides could be used only against the adults, since 
all stages of the sawfly except the adults occur entirely inside the 
wheat stems. It ‘has been discovered that certain chemic: als penetrate 
the stems without apparent injury thereto and kill the worm stages 
of the sawfly within them, although the most effective insecticides 
yet known have not given satisfactory control of the adults. Further 
tests are therefore desirable to determine the practical usefulness of 
insecticides for this purpose. 

Biological studies needed as basis for control.—The sawfly is less 
abundant in some fields and localities than in others for reasons not 
yet well known. Further studies are therefore essential to determine 
the factors influencing sawfly abundance, including weather condi- 
tions, prevalence of cultivated and wild host plants, cultural prac- 
tices, cropping conditions, and specific or racial variations of the insect 
itself. Such studies are essential as a basis on which to work out 
practical control measures. 

Natural enemies should be further investigated —Several species 
of parasitic insects attack this and closely related sawflies in the 
United States and other countries. Studies to determine their 


identity, importance, and use or introduction as an aid in controlling 
the pest should be continued. 


European Corn Borer Servicrt SuRVEY 
(BEPQ—Federal-State—Incipient and Emergency Outbreak Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to (1) determine, by means of field 
observations during the spring and summer in heavily infested States, 
where and when insecticide applic ations should be made to control the 
European corn borer; (2) advise growers so they can effectively apply 
insecticides if needed; and (3) ouide distribution of insecticide sup- 
plies and assure that they will be loc ally available to growers. The 
introduced European corn borer is a serious corn pest throughout the 
main corn-growing region of the Eastern and Central States. The 
losses caused by it have continuously increased, amounting to more 
than 300,000,000 bushels of corn in 1949. Research has recently shown 
that these losses can be mater ially and profitably reduced by the proper 
use of insecticides. This requires accurate knowledge of the de) velop- 
ment of corn borer eggs and larvae, as the period for effective control is 
short and the timing of applications is critically exacting. Farmers 
cannot, at present, determine accurately the technical requirements. 
On the basis of field information obtained cooperatively with State 
agencies, advice is given to farmers at weekly or more frequent inter- 

vals by State extension workers over the radio and in newspapers to 
guide them in carrying out necessary and effective control where corn 
is threatened with infestation. Information is supplied to commercial 
agencies to aid them in anticipating demands for insecticides for 
borer control and in having needed supplies locally available. 
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B. CURRENTLY ACTIVE LINE PROJECTS 
There are no line projects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This activity was initiated and first conducted in 1948 in Illinois, 
Iowa, Minnesota, and Wisconsin in cooperation with the State agricul- 
tural experiment stations, as one of the activities to increase and con- 
serve supplies of staple crops to meet postwar world needs. Because 
of the enormous increase in corn losses caused by the borer in this coun- 
try and the urgent need of informing farmers when, where, and how 
to use effectively the newly developed methods of insecticidal control, 
this survey was expanded in 1949 to include 12 States and in 1950 to 
include 14 States. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Fiscal year 1948, $24,000 (special funds provided through the Office 
of Food and Feed Conservation) ; fiscal year 1949, $20,000; and fiscal 
year 1950, $50,000 (“Control of emergency outbreaks of insects and 
plant diseases”). 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Surveys helped save large quantities of corn from the borer.—The 
survey was instrumental in saving 10,000,000 bushels of corn in 1949, 
by indicating the need for and guiding farmers in the use of insecticides 
against the ‘European corn borer. Wide and profitable use was also 
made of this control measure in 1948, for which no estimate of savings 
could be made, and in 1950, for which no estimate is yet available. In 
addition to aiding farmers directly to increase yield by controlling 
the borer, there have been other savings to farmers. They have been 
helped to avoid unwise use of insecticides and the cost of unnecessary 
applications through advice that the degree of infestation in their loca- 
tion did not justify treatment or that the time for effective control 
had passed. 


F. SOME ADDITIONAL WORK NEEDED 


Service survey should be continued annually.—The need for and 
effectiveness of insecticidal control of the European corn borer depend 
largely on information on the need and ahead timing of applications 
in relation to seasonal development and abundance of the insect and the 
stage of growth of the corn at the time it is becoming infested. Since 
farmers are not in a position to obtain this information for themselves, 
it should be obtained for them and made promptly available annually, 
so that they can make proper use of insecticides. This information is 
also needed by insecticide manufacturers and local dealers in insecti- 
cides in order to aid them in determining how much of the respective 
materials to make and to stock to meet prospective demands in different 
areas. In newly invaded areas, where the borer increases in abun- 
dance and where insecticidal control will prevent losses, the need to 
secure factual current information which can be used to advise the 
farmer will be especially urgent. It will be necessary to extend the 
advisory service to the new areas. 
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ANNUAL Hesstan Fiy Survey 
(BEPQ—Federal-State—Incipient and Emergency Outbreak Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine Hessian fly abundance at harvest time throughout the 
winter wheat growing region so that farmers can be encouraged to ob- 
serve safe sowing dates as a means of preventing losses in areas where 
fall infestations are a serious threat. The Hessian fly is one of the 
worst insect pests of wheat and causes losses estimated to average 
about 17,000,000 bushels annually, with much heavier losses in some 
years. ‘The best method of control yet available is to avoid the seed- 
ing of winter wheat before the established sowing dates. After these 
dates the new crop is not likely to become infested by the fall brood 
of flies. The nature of the current work, carried on in cooperation 
with State agencies, is to (1) collect and examine samples of wheat 
stubble from representative fields throughout the winter wheat grow- 
ing region from the Atlantic seaboard to and including Nebraska, 
Kansas, and Oklahoma; (2) determine the percentage of stalks in- 
fested and the abundance or scarcity of the fy in all portions of the 
winter-wheat region, and (3) supply this information promptly to 
extension agencies to aid them in planning and carrying out programs 
to advise farmers to plant so as to avoid infestations. 


B. CURRENTLY ACTIVE LINE PROJECTS 
Does not apply. 
C. HISTORY AND EVOLUTION OF THIS WORK 


From 1935 to 1942, a Hessian fly abundance survey was made annu- 
ally at time of wheat harvest in connection with research studies of 
the fly and its control, and in cooperation with various interested 
State agencies throughout the winter wheat growing States. From 
1943 to 1949 similar but more intensive surveys were financed from 
funds provided for the control of emergency outbreaks of insects 
and plant diseases. The results of all these surveys were released 
immediately for use by extension agencies in urging farmers to ap- 
piy control measures where needed. Because of reduction in these 
funds no Hessian fly survey was made in the caiendar year 1950. 


D. FUNDS--ANNUAL EXPENDITURES 


In fiscal years 1935 to 1942 annual expenditures were from $2,600 to 
$3,000 of regular funds. In fiscal years 1943 to 1949, approximately 
$3,000 was expended annually from funds provided for the control 
of emergency outbreaks of insects and plant diseases. There were 
no expenditures in 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Outbreak arcas located each year.—F rom 1935 to 1949, inclusive, 
outbreak areas were located each year in time for extension agencies 
to warn farmers to avoid fall infestation of Hessian fly by observing 
safe dates for sowing winter wheat. These activities have directly 
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contributed to preventing the development of general outbreaks of 
this destructive pest of wheat. In recent years there have been no 
widespread outbreaks with the resulting extensive losses. 


F. SOME ADDITIONAL WORK NEEDED 


An annual harvest time Hessian fly survey should be made and dis- 
tribution of the associated advisory information should be continued 
so long as observance of safe sowing dates continues to be the chief 
method of preventing infestations, and until satisfactory fly-resistant 

varieties of wheat adapted to production in different parts of the 
winter wheat growing region can be made available from the current 
breeding program. 


PROBLEMS OF ORGANIZATION AND OPERATION OF Farms (GRAIN) 


(BAE—A-1-20—Federal-State—Regular Funds) 
(Related work in this project is discussed in other commodity chapters and in 
Chapter 24, Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To study technological developments and other current production 
practices on wheat farms and appraise them in terms of costs, invest- 
ments, performance rates, labor requirements, size and organization 
of farms, and effects on farm returns. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-20-45—Current practices and costs of producing winter wheat 
in central Kansas. 


C. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24, Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See Chapter 24, Economics of Production.) 
E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


This study is not yet finished, so results are not available. It will 
provide up-to-date information on practices and costs that will sharpen 
up an understanding of production adjustment problems confronting 
the area. Machine costs will be developed to supply farmers with a 
guide on whether machines should be owned or the work hired done, 
on the proper size of machine for various acreages, and on the com- 
parative machine costs associated with different sizes of farms. 
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F. SOME ADDITIONAL WORK NEEDED 
(See Chapter 24, Economics of Production.) 


Farm Costs AnD Rerurns (Gran) 
(BAE—A-1-—23—F ederal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 24, Economics of Production ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure changes from year to year over a period of years and to 
keep current estimates of acreage and livestock numbers, investment, 
costs, and returns on important sizes and types of commercial farms 
in selected major type-of-farming areas. Such estimates provide 
farmers and others with information on annual changes in costs and 
returns in farming from 1930 to the present. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-28-5—F arm costs and returns on commercial family-operated 
wheat-pea and wheat-fallow farms in the Pacific Northwest. In this 
project data are being assembled and analyzed separately for wheat- 
pea farms and for wheat-summer fallow farms. 


C. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24, Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See Chapter 24, Economics of Production.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Work on the above line projects is not yet completed. See Chapter 
24, Economics of Production, for general statement on accomplish- 
ments. ) 


F. SOME ADDITIONAL RESEARCH NEEDED 
(See Chapter 24, Economics of Production.) 
Cross Rererences—Propvucrion 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—a-1-22, C eo 24, method of planting and fertilizing corn. 

BAE—RM: b-61, Chapter 24, risk bearing in agricultural production. 

BAE—RM: b-52 3, Chapter 24, economics of soil conservation. 

BPISAR—a-1-3, Chapter 11, buckwheat production. 

BPISAE—b-—11-2, Chapter 38, introduction and evaluation of wheat, barley, oats, 
and sorghum. 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—d-1-1, Chapter 22, soil management in corn production. 








558 AGRICULTURAL RESEARCH AND RELATED SERVICES 


BPISAE—4d-1-2, Chapter 22, relation of soil moisture to yields of wheat anil 
grain sorghum. 

BPISAE—d-1-3, Chapter 22, grain growing under irrigation. 

BPISAE—e-1-3, Chapter 30, tillage machinery. 

BPISAE—e—4-1, Chapter 30, electrical equipment in corn borer control. 

BPISAE—q-2-2, Chapter 88, plant-disease survey. 

















BPISAE—SRF-2-125, Chapter 30, electric drying of grain. 
BPISAE—RM: b-57, Chapter 31, weed-control research. 


BPISAE—SRF-3-10, Chapter 22, relation of soils to nutritional content of oats. 

BPISAE, BDI, BAE—RM: b-99, Chapter 22, phosphorous fertilizer studies with 
barley and corn. 

BPISAE—RM: b-111, Chapter 38, introduction and testing of new plants, ete. 

BEPQ—c-h, Chapter 35, barberry eradication. 

BEPQ, Chapter 35, white-fringed beetle control. 

BEPQ—I-e-8, Chapter 31, white-fringed beetle investigations. 

BEPQ—I-k-1, Chapter 31, natural enemies of insect pests and weeds. 

BEPQ, BAI, BDI, BPISAEK, BAIC—RM:b-72, Chapter 31, toxic residues on 

grain. 
































B. UTILIZATION 
Urinization INVESTIGATIONS ON WeEsTERN WHEAT? 
(BAIC—RRL-3-9—Federal-State—Regular Funds) 
(Cooperation with private organizations) 


A, PURPOSE AND NATURE OF CURRENT WORK 





To promote the utilization of western wheats, now produced in sur- 
plus and of limited acceptability to millers and bakers because of 
inadequate knowledge of the characteristics of the wheat. In order 
to develop possibilities for new uses or to extend present uses of 
western wheats, methods of preparation and modification and the 
composition and applications to industrial, food, and feed uses of the 
wheat components are being investigated. Current work is devoted 
to finding methods for separation of the proteins of wheat and deter- 
mining their individual characteristics as may be related to baking 
properties of flours; and separation of water-soluble constituents of 
flours and determination of their specific effects on doughs and on the 
bread-baking quality of the flours. Current work also involves studies 
of methods of chemical modification of wheat protems to improve 
their baking characteristics or to make them suitable for other indus- 
trial purposes; and studies of the effects of differences in composition 
of wheats on their milling characteristics to suggest improvements 
in current milling methods and to provide means needed by plant 
breeders for predicting milling properties on small samples available 
from first- or second-generation hybrid wheats. 






B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRLI-3-(9)-—Pr-1—Separation, characterization, 
modification, and utilization of the proteins of wheat 
RRL-8-(9)-Pr-1—1—P reparation and characterization of the pro- 
teins of wheat. To separate and characterize the proteins and protein 








1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department 
Likewise, under secs. D and E, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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fractions of wheat and to identify those which inflence flour 
quality. This work is related to wheat research conducted by the 
Bureau of Plant Industry, Soils, and Agricultural Engineering, 
which is concerned especially with the evaluation of new varieties for 
use in bakery products and in the development of more adequate tests 
for making such evaluations. The two general lines of work are 
complementary. To avoid duplication of effort, close working rela- 
tions are maintained between workers in the laboratories inyolved, 
and full exchange of materials and results is made. 

RRL-3- (9)-Pr- 1-2—Chemical modification of wheat proteins. To 
develop new and useful products from wheat proteins, and to find 
means for controlling and changing the action of wheat proteins in 
flour during mixing and baking, 

RRL-3-(9)-Pr-i-3—C ‘orrelation of milling characteristics, com- 
position, and physical properties of wheats. To relate differences in 
milling properties of wheats to variations in composition or physical 
properties of the grain, as the basis for the development of laboratory 
tests applicable to small samples for predicting the milling character- 
istics of wheats, and of suitable processes for improving milling prop- 
erties of commercial lots of wheat. This work is being ‘arried out in 
cooperation with the Western Wheat Quality Laboratory, BPISAF, at 
Pullman, Wash., which has supplied the samples used and furnished 
necessary information on their milling behavior. 


Research project RRL-3-(9)-PA-4—Chemical analysis of western 
wheat and products derived therefrom. (Service project. 

RRL-3-(9)—PA-4-2—The analysis of samples of wheat and prod- 
ucts derived therefrom, and the preparation of standard and indicator 
solutions. (Service project.) To make analyses for protein, oil, fiber, 
ash, and moisture in wheat and products derived therefrom. This 
work is done as required to supplement and assist other currently 
active projects as noted above. 


C. HISTORY AND EVOLUTION OF THIS WORK 


When this work was begun by the Bureau in 1941 wheat was in large 
surplus, and the main objective was to develop industrial nonfood 
uses for wheat gluten. This necessitated considerable fundamental 
work on the chemical reactions and physical properties of wheat gluten 
proteins. During World War II, wheat gluten was studied as a raw 
material for fibers, plastics, adhesiv eS, sizes, etc., because it was poten- 
tially available in large quantities as a by product i in the production of 
alcohol from wheat. Since the end of the war, emphasis has been 
placed on research on the components of wheat which affect its milling 
and baking properties. The largest proportion of wheat produced is 
used for baking, and the unique properties of wheat proteins are of 
especial importance in determining baking quality. The suitability of 
wheats for such processing differs w idely between varieties, and even 
the same variety differs, when grown under different climatic condi- 
tions. The present work, therefore, is directed toward obtaming a 
better understanding of the chemical and physical nature and the 
umounts of wheat constituents required for good milling and baking 
behavior. With this information as guide, the different wheat varie- 
ties can be utilized more efficiently ia satisfactorily. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Prior to 1941 only a relatively small amount of research was done 
by the Bureau on the utilization of western wheats. Since that time 
the approximate annual expenditures have averaged $70,500 for each 
of the last 10 fiscal years (1941 to 1950 inclusiv e). The expenditure 
in 1950 was $89,000, divided between the two research projects as 
follows: Pr-1, $79,000; PA-4, $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-3-(9)-Pr-1 


A new laboratory test ES milling characteristics.—A high crude fat- 
crude fiber ratio in whole wheats has been found to be an indication of 
poor milling characteristics of the type possessed by the variety Rex. 
This variety is adapted to growth in considerable areas of the Pacific 
Northwest, is high yielding, and, most important, is resistant to the 
prevalent races of smut. Its milling characteristics, however, are poor ; 
the flour-producing portions of the kernel cannot be separated satis- 
factorily from the bran, and the flour clogs sifters and will not flow 
in mill tubes and bins. Consequently, millers do not pay as much for 
Rex as for other varieties, and refuse to purchase large quantities of 
it. Wheat breeders have tried to use Rex as a parent, _ hoping to pro- 
duce hybrids with the good agronomic properties of Rex without its 
poor milling properties. Nearly all such hybrids have been found 
to retain Rexlike milling characteristics, however. Because these mill- 
ing properties have been detectable only by actual milling tests, re- 
quiring about 5 pounds of wheat and therefore 5 or 6 years’ increase 
irom the original hybrid selection of a single head, development of 

varieties with suitable milling character istics is a slow process. The 
finding that a high crude fat- crude fiber ratio indicates Rexlike mill- 
ing properties provides a promising means of detecting Rexlike mill- 
ing characteristics at an early stage; since the analyses require only 
about one-fifth of an ounce of wheat, several years of valuable time 
may thus be saved. This work has been done in cooperation with the 
Western Wheat Quality Laboratory, BPISAE, Pullman, Wash., which 
supplied the samples and conducted the milling tests necessary for 
correlation. 

The influence of soluble constituents of flours in determining their 
baking properties has been shown to be of greater importance than 
previously suspected. Heretofore ‘ariations in the properties of the 
gluten protein complex have been considered almost entirely respon- 
sible for variations in b: iking characteristics of flours. By separation 
of various groups of soluble flour constituents and observation of the 
baking behavior of bread doughs in their presence or absence, the 
effects of these solubles fractions have been shown to be so large 
that differences or similarities in glutens of flours may be obscured 
when comparison is attempted by ‘baking with the whole flours. A 
crude albumin constitutent, representing “only about 8 percent of the 
total flour protein, is particularly effective in increasing the loaf 
a obtainable from many glutens. The pentosan constituents 

carbohydrates), on the other hand, modify the handling properties 
ud surface wetness of a dough, but have no effect on loaf volume. 
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These observations open up a new line of search for the much-needed 
correlation between chemical composition and baking quality of flours. 
An extensive investigation of the amino acid composition of wheat 
gluten was made, using the microbiological methods developed within 
the past 10 years. Although the known differences in composition 
between wheat gluten and other proteins were found (e. g., the high 
content of glutamic acid, which accounts for the use of wheat gluten 
as raw material for monosodium glutamate manufacture), differences 
between glutens were remarkably small. Variations in baking proper- 
ties of flours have been attributed to variations in the properties of 
their glutens, but it must be concluded that chemical analysis of the 
whole gluten complex is not capable of showing these variations. 

Fundamental investigation of wheat proteins —The reactive groups 
in proteins, and their reactions with chemical agents, have been system- 
atically investigated. Formaldehyde, being the principal agent used 
commercially to tan or harden proteins, was reacted with proteins 
under varying conditions; and a number of other agents also were 
studied, including epoxides, isocyanates, and phthalates. Reaction 
with phenyl isocyanate gave a product from wheat gluten with a water 
absorption reduced from 75 percent to 1 percent; a value which indi- 
cates that the material has possible uses in plastics. The published 
results of these studies have been recognized as an outstanding contri- 
bution by industries using plastics. 

Nature of the browning (Maillard) reaction between proteins and 
sugars in food products —Techniques developed in the investigation 
of the protein-formaldehyde reaction have been useful in demonstrat- 
ing that a major cause of the deterioration of many foods is the re- 
action between aldehyde groups in sugars and the amino acids of pro- 
teins. This is of importance not only with respect to deterioration of 
cereals, but also because a detailed study of the factors influencing this 
reaction have led to improved processing and storage techniques for 
many other foods. 

Gel-forming derivatives of wheat gluten—lIt has been found that 
undenatured wheat gluten, alone of all proteins, reacts with sulfuric 
or phosphoric acids to form derivatives capable of absorbing rapidly 
100 to 200 times their weight of water to produce a tasteless, odorless, 
nontoxic, water-insoluble gel. Such products could advantageously 
be used as thickening agents in foods, cosmetics, and phamaceutical 
preparations in place of such natural gums as tragacanth and arabic. 
The cost of their preparation does not permit competition with the 
natural gums in normal times, but in an emergency, when the natural 
gums are in short supply, the gluten sulfate or phosphate could be used 
to advantage. 

A gluten-glycerine, rubberlike material is another example of a 
product obtainable only from wheat gluten. This remains flexible 
and tough for years, while similar products from other proteins be- 
come hard and brittle in weeks or months. Although not resistant to 
water, it has excellent resistance to oil and organic solvents, and hence 
it might find specialized use as gasket material for use in contact with 
oil, grease, or organic solvents. 

Plaster retarder.—All\ plaster used in the construction of buildings 
must contain a retarder so as to enable the workmen to put it in place 
before it sets up. Alkaline-treated protein materials are used as 
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laster setting retarders. During the war gluten was available as a 
Ssonsniideiah of starch and alcohol production from wheat when other 
proteins were in short supply. The crude denatured wheat gluten was 
tried as a plaster retarder and was found to be more effective than any 
other protein tested. This information has been made available to 
plaster manufacturers, who will doubtless use wheat gluten if it 
becomes available as a low-cost protein material. 

Wheat humin.—Monosodium glutamate, a condiment, is produced 
from Steffen’s waste from sugar beets, from corn gluten, and from 
wheat gluten. When that from wheat gluten is used, there results a 
byproduct, wheat humin, which presents a disposal problem, since the 
amount produced averages between 1,000,000 and 1,500,000 pounds 
annually. Samples of commercially produced wheat humin were 
examined and found to contain an average of about 50 percent of fatty 
acids. This information was made available to the concerns manu- 
facturing monsodium glutamate from wheat gluten, and may enable 
them to find a profitable use for the waste humin. 

Research project RRL-3-(9)-PA-4 

While this is essentially a service project contributing to achieve- 
ments mentioned above, certain developments are worthy of special 
mention. 

During the war, when wheat gluten was readly available as a byprod- 
uct from starch-separation plants for use in monosodium glutamate 
manufacture and production of this condiment was increasing rapidly, 
no satisfactory method was known for the determination of the gluta- 
mate content of the raw materials or of materials at various stages 
in the manufacturing process. To fill this lack, a method requiring 
only readily available apparatus was developed. This method is based 
upon measurement of the conversion of the amino-nitrogen in gluta- 
mate to a less reactive form under specific conditions of acidity and 
temperature. Under these conditions the amino-nitrogen of other 
amino acids is unchanged. 

In the course of the work on modification of proteins, a method was 
needed for determining the number of acidic and basic groups in a pro- 
tein before and after treatment with various reagents. A suitable 
method was developed, based upon the change in amounts of certain 
dyes that will combine with proteins through their acidic and basic 
groups. 

The basis for another improved analytical procedure arose from 
investigation of the marked effect of reducing agents in causing doughs 
and glutens to lose their elasticity and become semiliquid. The nature 
of this effect suggests that disulfide bonds (linkages between two sulfur 
atoms) were broken. These disulfide bonds occur in the amino acid 
cystine, a constituent of most proteins; and a suitable analytical 
method for determination of cystine was needed. A modification of 
a known method was developed which increases the precision of the 
results and requires much less time for the analysis. 


F, SOME ADDITIONAL WORK NEEDED 


Development of processes for producing bread from the types of 
wheats grown in the Pacific Northwest area would do much to solve 
the area-surplus problem and would eliminate much expensive trans- 
portation. Flours from the wheats grown in the Pacific Northwest 
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are not in general well adapted to bread production by methods now 
in use in large commercial bakeries, because the doughs produced are 
tender and lack the stability necessary to withstand the usual mixing 
and machine handling and unavoidable disturbances in the normal 
schedule of baking operations. Consequently about 7,000,000 bushels 
of wheat annually must be shipped in from Montana and the Middle 
West to provide for bread-flour production, despite the fact that the 
Northwest normally exports wheat. Development of processes or 
treatments which would also make possible the expansion of export 
Asiatic markets in which these wheats must compete with bread wheats 
from other countries. 

Additional relationships between chemical composition and milling 
properties of wheats should be determined. Chemical analysis eppli- 
cable to small samples then could be used to predict milling properties 
of new wheat varieties, enabling wheat breeders to select good milling 
varieties and to discard poor milling varieties, at an early stage. Such 
tests would speed up replacement of disease-susceptible, poor-yielding 
varieties, with accompanying improvement in milling quality. The 
crude fat-crude fiber ratio test mentioned under accomplishments is 
one step in this direction. The fuller understanding of relationships 
between composition and milling properties resulting from such work 
would have a wider usefulness in suggesting improvements in milling 
processes and equipment. 

The chemical effects of oxidizing agenis commonly added to flours 
or doughs should be determined. Such additions have been made 
routinely for over 30 years to improve baking performance, but the 
chemical changes responsible are as yet largely unknown. If they 
were known, better reagents, particularly reagents more suitable to 
the needs of western wheats, could be found. Simple tests for de- 
termining the optimum level of treatment also could be developed; 
at present oxidation requirements must be established by slow trial- 
and-error methods. The proper control of bakery operations, made 
possible by this knowledge, will permit more efficient and satisfactory 
production of bakery products, especially of bread. 

The nature of the fat-protein combination in doughs, and the in- 
fluence of this on the properties of doughs and the quality of baked 
products, should be thoroughly investigated. Preliminary work on 
this project has shown that much of the fat in flour is readily extracted 
with ethyl ether or other common fat solvents; but when the flour is 
wetted and made into dough, the amount of fat extracted by ether is 
much less, indicating that a large proportion, varying between flours, 
of this fat becomes bound in some manner to the proteins of the flour, 
particularly that fraction known as glutenin. It was further shown 
that the dough combined with and held three to five times as much 
added fat as it originally contained. Inasmuch as shortenings are 
known to increase loaf volume and contribute to crumb tenderness 
in bread, and are used in larger proportion in cakes and cookies than 
in bread, knowledge of the nature of the protein-fat interaction would 
be of great importance in suggesting improved bakery processing 
and the selection of proper shortenings and flours for specific uses. — 

More basic information regarding the nature of wheat gluten pro- 
teins is needed. The properties of these proteins when mixed with 
water are mainly responsible for the usefulness of wheat flours in 
baking, but these properties and the differences in properties that 
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occur between different wheat varieties cannot be explained in terms 
of molecular structure as adequately as, for example, the properties 
of rubbers, plastics, and fibers. The improvements in the Latise ma- 
terials in recent years are based upon, and directly due to, such fun- 
damental information. Similar information about the gluten proteins 
should be very valuable in the solution of problems of baking tech- 
nology and in the development of other possible uses for wheat gluten, 

New whole-wheat food products should be developed which are 
readily adapted to convenient home use. Greater nutritional value 
could be retained and milling losses avoided by developing acceptable 
types of foods from whole wheat. Storage and handling of the wheat 
grain is easier and losses are lower than with ground or milled prod- 
ucts. Methods of using wheat grains without milling might be of in- 
creased importance en a national emergency when transportation 
and milling facilities are lacking. 

Wheat gluten as a basis for foam to fight oil fires—It is known 
that a small amount of a protein degradation product, made by 
heating a protein in strong acid or alkaline solutions, injected into 
the stream of water, forms a blanket of foam which effectively 
smothers oil fires. During the last war soybean protein, an excellent 
food and feed material, was used for this purpose, while wheat gluten, 
a byproduct of starch and alcohol plants, was partly wasted. Research 
to evaluate wheat gluten and process it for this application would 
make possible the conservation of soybean products tok food and feed 


in the event of another emergency. This, in the light of present ex- 
perience, should be a comparatively simple research problem. 


UrimizaTion INVESTIGATIONS OF CorN, WHEAT, AND OrHer CEREALS 
oF THE NorrHerN Reaion ? 


(B-.1C—RRL-5-7—Federal-State—Regular Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and extended uses and wider industrial markets 
for cereal grains and their constituents. Present work includes a 
survey of a large number of molds, yeasts, and bacteria to discover 
organisms produci ing new enzymes and chemicals of industrial im- 
portance from cereals, Efforts are being made to find strains of or- 
ganisms and processes which will increase the yields of substances 
now manufactured by fermentation. Micro-organisms are being 
studied to isolate new strains which will permit more efficient opera- 
tion in existing fermentation industries. Physical treatments are 
being applied to starch, the major component of cereal grains, to 
develop new or improved products. Starch sponge is being | prepared 
and furnished to physicians for clinical tests as a hemostatic agent, 
looking to its commercial production by pharmaceutical companies. 
Chemical work is under w ay on the modification of starch into water- 
resistant powders and finishing materials which will provide a wider 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under section B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department. 
Likewise, under sections D and E, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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variety of applications of starch. Dextrose, or corn sugar, is a raw 
material easily made from starch and is being studied for the pro- 
duction of synthetic wetting agents, detergents, 1nd also for con- 
version to pharmaceutical agents valuable in the treatment of ar- 
thritis. Recent inroads on the use of starch adhesives by synthetic 
resins have prompted chemical investigation of the production of 
starch adhesives and gums to provide a scientific basis for advances 
in this field. Practical methods are being developed for using al- 
cohol as a motor fuel, and the properties of alcohol fuels which have 
a bearing on their use in internal-combustion engines are under in- 
vestigation. Attention is being given to the development of cereal 
grain varieties of increased industri: al value. Corn strains are being 
surveyed for the discovery of a variety containing starch with a high 
percentage of amylose (the long-chain molec ule portion of starch). 
If successful, this project would result in a wholly new industrial 
type of st: arch for which m: ny new uses are expected. New corn hy- 
brids and selections are being analyzed to ide ntify and encourage the 
production of varieties high in oil and protein, constituents impor- 
tant to the industrial utilization of corn. C omposition and quality 
of new varieties of sorghum are also being analyzed to give plant 
breeders an indication of desirable and undesirable types for indus- 
trial use. Fundamental physical and chemical studies on the struc- 
ture of the starch granule and the starch molecule are expected to lead 
to a fuller understanding of the properties of starch so that it may 
be handled and modified to fit it for industrial use. This work is con- 
ducted in cooperation with State agricultural experiment stations of 
the north central area and the Bureau of Plant Industry, Soils, and 
Agricultural Engineering under formal memoranda of understand- 
ing. Under a cooperative agreement with the Corn Industries Re- 
search Foundation, two agents, whose salaries are shared, are investi- 
gating the structure of starch. 


B. CURRENTLY ACTIVE LINE PROJECTS 





Research project RRL-5-(7)—-F-1—T he maintenance of a collection 
of industrially important yeasts, molds, and bacteria 
RRL-5-—(7)—-F-1-1—The maintenance of a collection of industrially 
important yeasts, molds, and bacteria. To make available to the 
Bureau staff and to other research laboratories those micro-organisms 
which are of present industrial use or which should be studied for 
possible industrial use. 


Research project RRL-5-(7)-F-2—A study of the natural history 
and variability of industrially important micro-organisms 

RRL-5—(7)—-F-2-8—The production of bacterial mutations. To 
produce strains of bacteria which will produce greater yields of a de- 
sired product or will operate under conditions le ading to more efficient 
production. 

RRL-5-(7)-F-2-5—The isolation of new itaconic acid-producing 
molds. To discover in the culture collection new strains of molds 
which wil! give increased yields of itaconie acid, a compound from 
which excellent plastics can be produced. 








566 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Research project RRL-5-(7)-F-38—A survey of the fermentative 
activities of individual organisms contained in the culture collec- 
tion of industrially important yeasts, molds, and bacteria 

RRL-5—(7)—-F-3-1—A survey of the fermentative activities of var- 
ious bacteria. ‘To discover new products of bacterial fermentation ; 
to discover new strains of bacteria giving improved yields of known 
products. 

RRL-—5-(7)—F-3-2—A_ survey of the fermentative activities of 
various molds. ‘To discover new products of mold fermentation ; to 
discover new strains of molds giving improved yields of known 
products 

RRL-5-—(7)—-F-3-3—A survey of the fermentative activities of var- 
ious yeasts. ‘To discover new strains of yeasts giving improved yields 
of alcohol, and to locate, if possible, strains which will ferment starch 
and the other important constituents of agricultural products. 


Research project RRLI-5-(7)-F-4—The development of industrial 
fermentations using corn, wheat, and other cereal crops or prod- 
ucts derived from them as substrates 

RRL-5-(7)—F-4-1—The production of itaconic acid by fermenta- 
tion. To develop an efficient laboratory process for the industrial pro- 
duction of itaconic acid, a resin-forming compound, by fermentation of 
glucose derived from cereals. 

RRL-5-(7)-F-4-7—Production of fungal amylases in submerged 
cultures. To discover organisms producing enzymes which will con- 
vert cereal grains to materials fermentable by yeast to industrial 
alcohol, among other end uses, and to determine the conditions of 
growth which will give the best yield of these enzymes. 

RRL-—5-—(7)—F-4-8—Laboratory investigations of the factors influ- 
encing mashing in the production of alcohol. To study each step in 
the preparation of cereal grain mashes to find methods giving higher 
alcohol yields or lower costs; to develop better methods of assaying 
barley malts for starch-splitting enzymes under memoranda of under- 
standing with industrial firms and the Bureau of Plant Industry, 
Soils, and Agricultural Engineering. 


Research project RRL-5-(7)—-MFE-1—Formulation, development, 
investigation, and testing of gaseous, liquid, and solid motor fuels 
from agricultural materials 

RRL-—5—(7)—-MFE-1-1—Engine rating of agricultural motor fuels 
by standard methods. To determine octane numbers of agricultural 
motor fuels. 

RRL-5-(7)-MFE-1-2—Evaluation of agricultural motor fuels by 
standard chemical tests and operations. To evaluate agricultural 
motor fuels by standard chemical and physical tests; and to prepare 
alcohol fuels for road and engine testing. 

RRL-5—(7)-MFE-1-3—Solubility of light hydrocarbons in alco- 
hols. To determine the solubility of propane, butane, and similar gases 
in alcohols in order to formulate motor fuel blends containing these 
gases for use in injection and dual carburetion. 

RRL-5—(7)—-MF E-1-5—Chemical laboratory studies of suitability 
of denaturants for alcohol fuels. To test denaturants submitted by 
the Alcohol Tax Unit for suitability in alcohol fuels. 

RRL-—5-(7)—-MFE-1-6—Fundamental and practical studies on cor- 
rosion of metals by agricultural motor fuels and on corrosion inhibi- 
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tors. To study the fundamental causes of corrosion of metals by agri- 
cultural motor fuels and to discover means of preventing such corro- 
sion. 

RRL-5—(7)—-MFE-1-7—Effect of compression ratio and super- 
charge on alcohol motor fuels in single-cylinder engines. To measure 
the power output of alcohol fuels in supercharged engines at various 
compression ratios and supercharge pressures. 

RRL-5—(7)-MFE-1-8—Engine wear with high-sulfur gasoline- 
alcohol fuels. 'To study the possible beneficial effect of alcohol in re- 
ducing engine wear and deposits when added to gasolines containing 
a high percentage of sulfur. 


Research project RRL-5-(7)—OP-4—Cereal protein investigations 

RRL-5- (7)-OP-4-3—Adhesives from cereal flours. To improve 
the color, stickiness, water resistance, and other properties of cereal 
proteins to make better adhesives. 

RRL-5—(7)—OP-44—Reactions of acrylic compounds with cereal 
proteins and with their derived products. To prepare acrylic com- 
pounds of cereal proteins, and to determine their properties and indus- 
trial usefulness. 

RRL-5-(7)-OP-4—6—Studies on the ultilization of byproduct 
amino acids. To develop new industrial uses of byproduct amino acids 
obtained from the manufacture of monosodium glutamate from the 
proteins of cereals. 


Research project RRL-5-(7)-SD-1—Starch granule formation, prop- 
erties, and composition 

RRL-5-(7)-SD-1-1—Physical and chemical properties of starch 
suspensions, pastes, and gels as they affect industrial utilization. To 
provide new information to further the use of starch in paper and 
textile sizes, food products, pharmaceutical agents, and so forth; and 
to select the starch from each kind of grain for the use for which its 
natural properties are best suited. 

RRL-5-(7)-SD-1-3—Effects of processing conditions upon re- 
covery and properties of starches. To study the different operations 
in the industrial processing of grain for starch and determine condi- 
tions required to give starch of highest quality from sound and dam- 
aged grain. 

RRL-5-—(7)-SD-1-5—Effect of drying and storage upon the suit- 
ability of cereal grains for industrial processing. ‘To determine the 
quality and suitability of stored and artifically dried high-moisture 
corn for industrial processing. 

RRL-5-—(7)-SD-1-6—Chemical survey of grain types for amylose 
content. To analyze new strains, inbred lines, and mutant lines of 
cereal grains received from cooperating State and Federal plant 
breeders for amylose content in the search for a variety of corn or 
cereal grain composed wholly of linear molecules, that is, amylose, 
which would open a whole new field of industrial applications of 
starch. 

(YMC-0-1-1—Studies of the physical and chemical properties of 
concentrated starch-water systems. To discover: and control factors 
that cause bread to become stale by investigation of the properties of 
starch gels of the same concentration as found in bread. Funds for 


this work are provided by transfer of funds from the Quartermaster 
Corps. 
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Research project RRL-5-(7)-SD-2—Starch structure, properties, and 
hydrolysis 
RRL-5-(7)-SD-2-1—Establishment of laboratory conditions for 
the fractionation of starch into linear and branched molecular types. 
To provide purified samples of the two molecular species of starch 
for fundamental physical and chemical studies on the structure, mo- 
lecular size, and contiguration of these fractions, and the practical de- 
velopment of new products from amylose. 
RRL-5—(7)-SD-2-2—Breakdown of amylose into simpler mole- 
cules by enzymes and significance for the structure of amylose. To de- 
termine the mechanism and extent of conversion of amylose, the linear 
component of starch, by the enzymes which are normally used for the 
industrial transformation of starch into sirups and fermentable sugars. 
RRL-5-—(7)-SD-2-4—Chemical studies in the discovery and de- 
velopment of an enzyme which will break specific linkages in the 
branched fraction of starch. To search for an enzyme that will break 
down the branched chain fraction of starch into linear-type molecules, 
an action which will increase the efficiency in grain fermentations and 
should also provide new starch breakdown products specially suited 
for new industrial applications. 
Research project RRL-5-—(7)-SD-3—Starch: Chemical conversion 
RRL-5-(7)—SD-3-1—Preparation and evaluation of starch ester 
derivatives produced by polyfunctional reagents. To prepare modi- 
fied starches possessing water resistance (over 98 percent of the starch 
now produced is used with water or in aqueous reactions) and capable 
of being formed into products of valuable physical shapes and forms 
in order to expand the industrial uses of starch. 
RRL-5-(7)-SD-3-3—Heat modification of starch, its mechanism, 
and the nature of products formed. To make chemical studies on the 
underlying chemistry of the degradation of starch by heat and the 
chemical nature of the products (dextrins) formed which will provide 
information for the production of improved adhesives from starch 
and place the dextrin industry on a sound technical basis. 


Research project RRI-5-(7)-SD-4—Dewtrose: Modification, con- 
densation, and polymerization 

RRL-5-(7)—-SD-4-1—Production of dextrose derivatives. To im- 
prove the stability of chemical derivatives of dextrose, which undergo 
decomposition or are unsuited to many industrial uses because of 
the presence of reactive groups, by the production of bifunctional 
derivatives. 

RRL-5-—(7)—-SD-4-2—Production and properties of aldehyde and 
ketone condensation products of dextrose and its derivatives. To 
prepare useful chemical intermediates, plasticizers, and industrial 
products of economic importance by the reaction of aldehydes and 
ketones. 

Research project RRL-5-(7)—SD-5—Dextrose: Rearrangement and 
degradation 

RRL-5-(7)—SD-5-1—Production of organic chemicals from dex- 
trose. To produce useful chemical products, such as wetting agents, 
cleansing-compound ingredients, and pharmaceutical agents, by treat- 


ment of dextrose and its conversion products with acids, amines, and 
alcohols. 
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Research project RRL-5-(7)-E-1—Engineering and pilot-plant 
development 

RRL-5-(7)-E-1-1—Engineering consultation, design, and draft- 
ing. To design equipment and installations; to prepare drawings 
and tables of data needed for publication or display purposes. 

RRL-5-(7)-—E-1-11—Development of a process for the production 
and recovery of sodium gluconate on a pilot-plant scale. To obtain 
cost and design data by production of sodium gluconate on a pilot- 
plant scale; to prepare sodium gluconate for consumer tests. 
Research project RRL-5—(7)-E-2—Processing of cereal grains on a 

pilot-plant scale 

RRL-5-(7)—E-2-1—Preparation of starches and accompanying 
products from cereal grains on a pilot-plant scale. To provide ade- 
quate supplies of cereal products of known source and treatment for 
research purposes. 

RRL-5—(7)-E-2-2—Development of new methods for the wet- 
milling of cereal grains on a pilot-plant scale. To investigate each 
operation of the corn wet-milling process to discover improved meth- 
ods; to devise improved methods for processing cereal grains other 
than corn. 


Research project RRL-5—(7)-E-5—Pilot-scale investigations of the 
production of agricultural motor fuels and byproducts by fer- 
mentation 

RRL-5-(7)-E-3-2—Pilot-plant investigations on the influence of 
mashing procedures on the production of motor fuels by fermentation. 

To investigate all phases of the process of preparing solutions of grain 

carbohydrates for fermentation to produce industrial alcohol. To 

cooperate under a memorandum of understanding with the Production 
and Marketing Administration in the supervision of a plant-scale test 
of the fungal amylase process developed in the Bureau. 

Research project RRL-5-(7)-A-1—Analytical chemical investiga- 
tions 

RRL-5-(7)-A-1-1—Investigation of the chemical composition of 
cereal crops using standard methods of analysis. To analyze cereals 
for starch, oil, protein, cellulose, and similar constituents which influ- 
ence industrial usage. To find the variation in composition caused by 
location, season, or variety. Work is carried out in cooperation with 

lant breeders of State agricultural experiment stations and the 
3ureau of Plant Industry, Soils, and Agricultural Engineering. 

RRL-5—(7)—A-1-2—Analysis of samples from research and service 
work. ‘To provide analyses by a centralized group using specialized 
chemical methods. 


Research project RRL-5-(7)—-A-2—Physicochemical and physical 
investigations 





RRL-5-—(7)-A-2-1—Application of physical and physicochemical 
methods to research and service work. To assist all research in the 
laboratory by the application of specialized physical and physico- 
chemical methods, such as X-ray diffraction; ultraviolet, visible, and 
infrared light absorption; and precision fractional distillation 


78552—51—-vol. 1-37 
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RRL-5-(7)—A-2-3—Separation and analysis of cereal oils and 
their derivatives by physical methods. To measure with accuracy 
the vapor pressure and other physical properties of methyl esters and 
free fatty acids derived from oils in order to design proper distillation 
equipment for their recovery. 

RRL-5—(7)—A-2-4—-Moisture absorption of starch and derived 
products and the influence of absorbed water on various physical prop- 
erties. To obtain information on the physical structure of starch 
granules from their behavior while absorbing water and relate this 
information to the differences in the industrially important physical 
properties of various starches. 

RRL-5-(7)-A-2-5—Molecular weights of starch, starch fractions, 
and dextrins. To develop an improved method for measurement of 
the molecular size of starches and their components based on light 
absorption properties in alkali solution. 


Research project RRL-5-(7)-A-4-—C ollection, preparation, and stor- 
age of materials required for research work and the integration 
of developmental work with the breeding and production work 
of Federal, State, and private agencies 

RRL-5-—(7)-A-4-1—Collection, preparation, classification, and 
storage of agricultural or other materials necessary for the research 
work. To centralize acquisition of samples for research purposes; to 
maintain and operate sample-preparation machinery ; a ca to preserve 
samples under optimum conditions. 

RRL-5-(7)-A-4-2—Integration of industrial requirements of cere- 
al grains with the plant-breeding activities of Federal, State, and 
private agencies. ‘To maintain contact with plant breeders and agri- 
cultural technologists for the interchange of information on the com- 
position of new varieties of crops being developed and to assist and 
encourage development of varieties suited for industrial utilization. 
C. HISTORY AND EVOLUTION OF THIS WORK 
Chemical work on cereals was initiated in 1862 by an investigation 
of the composition of wheat and corn. Until 1900 principal attention 
was given to the composition of the different varieties of these grains. 
The investigations showed the marked effect of variety, soil, and 
locality on the gluten content of wheat, which is important to the 
quality and nutritional value of bread and, therefore, to utilization 
of the wheat. In 1900 systematic studies were started in collaboration 
with the Bureau of Plant Industry on the composition of cereals as 
affected by environment and soil treatment. This work, transferred 
to the Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing in 1938, has resulted in better methods of fertilization and culti- 
vation with concurrent improvement in the yield and nutritive and 
industrial value of cereal grains. Other work in the period of 1900-40 
has emphasized food technology and nutritional value of cereals 
and the industrial fermentation of their derived sugars to substances 
of industrial value. Baking investigations were initiated and com- 
positional studies were made on flour, meal, bread, and bakery prod- 
ucts. Improved methods of analysis were continually developed and 
applied to cereals and cereal products to determine their specific pro- 
teins, amino acids, enzymes, and carbohydrates. Investigation of the 
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fermentation of starch and sugars to alcohols and organic acids began 
with some work about 1910 on the utilization of cereals for industrial 
alcohol. Seven years later important observations were made on the 
production of citric acid by. molds. This work laid the foundation 
for a program, starting in 1926, on industrial fermentation of corn 
sugar which has resulted in processes for the manufacture of several 
industrially important organic acids. With the inauguration in 
1940 of more extensive research on the utilization of cereals, research 
was undertaken on developing new processes for the production of 
starch from wheat and sorghum, and for the separation of gluten 
from wheat. Chemical research was undertaken on the conversion 
of corn sugar into detergents and substances of pharmaceutical value. 
Research on textile fibers from the protein of corn and on micro- 
organisms producing vitamins and antibiotics was undertaken and 
processes for commercial production of these substances in high yield 
were sought. Studies to effect economies in the manufacture of 
industrial alcohol by the discovery of new fermenting agents and 
methods were carried out to develop the use of alcohol as a motor fuel. 














D. FUNDS--ANNUAL EXPENDITURES 


























Estimates on funds in early years are difficult to make, but up to 
1900 expenditures probably did not exceed $5,000 per year. From 
1900 to 1926, expendisives may have ranged from $5,000 to $20,000 per 
year ; and from 1926 to 1939, from $30,000 to $50,000 per year. Annual 
expenditures for the period 1940-50 ranged from $320,000 to $665,000. 
The expenditure in 1950 was $651,000, which was apportioned among 
the various research projects as follows: F-—1, $40,000; F-2, $10,000; 
F-3, $68,000; F-4, $50,000; MFE-1, $77,000; OP-4, $16,000; SD-1, 
$40,000; SD-2, $50,000; SD-3, $35,000; SD-t, $18,000; SD-5, $23,000: 
E-1, $2,000; E-2, $78,000; E-3, $52,000; A—1, $22,000; A-2, $50,000; 
A-4, $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-5-(7)-F-1 

Collection of molds, yeasts, and bacteria.—Micro-organisms con- 
stitute the tools of research in the field of industrial fermentations. 
The Bureau’s collection of molds, yeasts, and bacteria is probably the 
most complete of its kind, and, consequently, has great potentialities 
for solving many problems. The culture collection now includes 
more than 5,000 strains which are divided about as follows: Molds, 
2,350; yeasts, 1,800; and bacteria, 950. Thousands of other strains 
are preserved in inactive form available for use as needed. The 
organism which was first used for submerged production of penicillin 
was obtained from this collection and, as mentioned elsewhere in this 
report, the higher yielding strain now employed in all factories in 
this country and abroad is descended from a culture subsequently 
isolated. ‘The microbes for new fermentation processes producing 
riboflavin and vitamin B,, for nutrition and therapeutic use and 
fungal amylase for cheaper alcohol from grain were found by sur- 
veying cultures contained in this collection. During the 10 years 
of its existence, this collection has become recognized as a source of 
authentic cultures of valuable fermentative types. In this capacity 









572 AGRICULTURAL RESEARCH AND RELATED SERVICES 


it plays an invaluable role by supplying such cultures to other Gov- 
ernment agencies, university laboratories, and manufacturing indus- 
tries engaged i in microbiological research and processing. During the 
past decade more than 10,000 cultures have been distributed in this 
manner as a public service to agriculture and industry 

Research project RRL-5—(7)-—F-2 

Discovery of a new riboflavin-producing organism.—During studies 
on the classification of the yeasts, the important observation was made 
that unusually high yields of the vitamin, riboflavin, were produced 
by the organism Ashbya gossypii. Further investigation showed that 
the fermentation was not adversely affected by the presence of certain 
metals as are most other fermentation processes for riboflavin pro- 
duction. This made possible production in either glass, aluminum, 
copper, or stainless steel vats. Moreover, the fact that good yields 
of riboflavin could be obtained in the laboratory on very low cost 
nutrient media made it of importance to extend the studies to the 
pilot-plant stage to determine the commercial possibilities of the 
process. The pilot-plant operations proceeded quite successfully and 
indeed the process, as reported in more detail elsewhere, is being uti- 
lized by one or more companies. The annual production of riboflavin 
is valued at more than $12,000,000, of which 10 percent is estimated 
to be produced by this fermentation process. The raw materials 
required for this process are corn sugar, corn steep liquor (a byproduct 
of the corn wet-milling industry), and animal stick liquor (a by- 
product of the wet rendering of packing-house products). 

Improved penicillin- -producing molds.—Micro-organisms are known 
to differ greatly in their capacity to produce valuable byproducts, 
just as they are known to differ in outward appearance. Taking 
advantage of this natural variability, a search for better penicillin- 
producing molds was successfully made. By comparing penicillin 
production in more than 400 molds obtained from soil and other 
sources, world-wide in origin, and by testing variant substrains from 
the most promising of these, a superior strain was developed in 1944 
which more than doubled penicillin production. Subsequent to this, 
and through the cooperative efforts of other laboratories working 
under Government contracts, a culture was soon developed which in 
the laboratory produced 8 to 10 times as much penicillin as the best 
cultures originally available. This was shortly reflected in greatly 
increased production of the drug accompanied by a substantial de- 
crease in price to the consumer. The superior strain so developed, 
with some additional improvement, is still being used for penicillin 
production by all manufacturers in this country and abroad. It can 
be conservatively estimated that from an expenditure of less than 
$100,000 spent by the Bureau in the search for better penicillin-pro- 
ducing molds, industry realized millions of dollars annually from 
increased er ‘and, of even greater importance, millions of 
patients each year receive this life-saving drug at lower cost than 
would otherwise ie possible. 


Research project RRL-5-(7)-F-3 
Chemical studies on penicillin —It was early recognized that the 
penicillin produced by different mold strains and under different 


growth conditions sometimes differed in its action against specific 
disease-producing bacteria. This necessitated careful chemical analy- 
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sis and characterization in order that drugs of uniform potency and 
application could be produced. Toward this end, Bureau scientists 
early prepared a product of highest purity which was adopted and 
distributed as the international penicillin standard, thus providing a 
basis for uniformity in the testing and manufacture of enicillin 
products here and abroad. As an offshoot of this work, penicillin X, 
which differs markedly in solubility properties from other penicillins, 
yas discovered and characterized by Bureau scientists, and subse- 
quently strains of mold were developed which produced this type of 
penicillin in good yield. ‘This penicillin appears to possess favorable 
characteristics for the treatment of some diseases and today remains 
as a potentially valuable drug which has not been fully exploited. 
Pioneering development of industrially economical fermentation 
processes.—Studies of industrial fermentations were begun in 1926 
by the Bureau of Chemistry and Soils on the basis of early recogni- 
tion of the special promise held in fermentation processes for utiliza- 
tion of agricultural products. Blazing a trail with the commercial 
development of a fermentation process “for producing an organic acid 
by mold fermentation, pilot plant quantities were produced by mold 
growth on corn-sugar glucose. Thus, the pattern for modern indus- 
trial microbiologic al operation evolved. A collection was started of 
cultures of industrially useful micro-organisms. Techniques were 
developed so that molds which were normally adapted to surface 
growth could be grown in deep fermenting tanks, thus permitting 
large economies on the industrial scale. This pioneering experience 
was most notable in the ae which it gave to the development 
of penicillin. However, the Bureau has developed, besides penicillin 
and several other pci ition products discussed individually else- 
where in these reports, a considerable number of products which are 
potentially important and will undoubtedly be produced commercially 
in the future. Some of these are ketogluconic acid, kojic acid, keto- 
glutaric acid, and various sugar acids such as lactobionic acid which 
is closely related to lactose, the sugar in milk. Some of these will 
probably find use in the food industry. Valuable results also have 
been obtained with itaconic acid which has already been prepared by 
industry in large experimental amounts. Its large-scale use in the 
plastics industry appears to be chiefly dependent on getting the pro- 
duction cost somewhat lower. Each of the compounds mentioned 
above is the potential basis of a new industry, utilizing agricultural 
products as raw materials. 
Discovery of new antibiotic, polymyein.—Polymyxin is a new anti- 
biotic obtained from a soil bacterium which was discovered by Bureau 
research and found to be antagonistic toward many organisms not 
susceptible to penicillin. P reliminary work revealed polymy xin to be 
of promise in the treatment of such diverse illnesses as bacteria! dysen- 
tery, whooping cough, tularemia, and infant diarrhea. More recently, 
polymy xin is being used in admixture with the antibiotics, streptomy- 
cin, and bacitracin, to sterilize the human gut prior to intestinal sur- 
gery, and in the treatment of certain cases of colitis and ulcerative 
colitis. Crude polymyxin fed to normal chickens has resulted in 
weight increases up to 17 percent more than untreated controls, and 
therefore appears to offer considerable promise as a feed supplement 
in poultry nutrition. 
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Valuable agents for processing starch—The need for cheaper in- 
dustrial alcohol and for other products from starch led to a series 
of studies of the enzymes produced by molds. The object was to find 
enzymes capable of rapidly splitting starch to dextrins and sugars. 
After some 350 strains of molds were examined, one was found which 
showed promise. Further studies revealed optimum conditions for 
its production and utilization. It has been shown in factory oper- 
ation that a new process built on these findings would result in $300,- 
000 annual savings in a plant with a capacity of 10,000 bushels of 
grain per day. Laboratory work has gone much beyond this. Another 
strain of mold may be used in the production of table sir up or “malted” 
preparations from starch. The starch-splitting system in molds seems 
to be comprised of at least three enzymes and efforts to determine their 
nature and role have already been partly successful. Fully developed 
knowledge of these agents will result in further important applica- 
tions. For example, starch is not now completely split into sugar 
and a small fraction of the starch escapes conversion. A better com- 
bination of the splitting agents (enzymes) could add 3 percent to 
the efficiency. During World War II, about 200,000,000 gallons of 
alcohol were made annually from grain at a cost of about $1 per 
gallon. The value of an increase of 3 percent in such a production 
would have been about $6,000,000. 

Research project RRL-5-(7)-F-4 

Industrial production of penicillin —The large-scale production of 
penicillin by chemical and pharmaceutical companies was made pos- 
sible by discoveries made in Bureau research. Moreover, the singular 
development of penicillin as a new kind of weapon against disease 
opened the new field of antibiotics which continues to yield drugs of 
microbial origin that are of the greatest importance in the medical 
field. The development of methods whereby the mold is grown in 
submerged fermentations, the discovery of the particular value of corn 
steep liquor in the growth medium, and the development of improved 
methods for extracting the penicillin from the completed fermenta- 
tions, all represent accomplishments of the Bureau which became the 
foundation of the new industry. These developments made possible 
the large-scale production of penicillin at a time when it was des- 
perately needed by our military forces, and subsequently led to sub- 
stantial reductions in price so that the drug has become universally 
available for the treatment of diseases in which it is applicable. Four 
basic patents covering the above developments have been granted and 
assigned to the Secretary of Agriculture for royalty-free use by the 
industry in this country. This industry provides an annual outlet for 
15 to 20 million pounds of lactose sugar from surplus skim milk and 
30 to 40 million pounds of concentrated corn steep liquor from the 
wet-milling industry. The wholesale value of penicillin produced in 
the United States since 1945 is estimated at more than $100,000,000 
annually. 

Basis for the commercial production of gluconic acid—Changing 
the status of a chemical from that of a laboratory curiosity to ‘that 
of a useful industrial product available in ton lots has been repeatedly 
accomplished by the fermentation workers of this Bureau. G luconic 
acid was one of the earliest of such developments. It was long known 
to be formed from glucose by the action of micro-organisms. How- 
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ever, it was the Bureau’s work that developed new techniques whereby 
this acid could be made commercially by fermentation at a low price. 
Publications and patents resulting from this program numbered a 
dozen and a half. A new industry came into being in this country 
which keeps us supplied with this versatile acid. The chief use of 
gluconic acid has been in the pharmaceutical field where its calcium 

salt is found to be very effective in overcoming calcium deficiencies 
in man and farm animals. The industry has | grown steadily until 
now about a million pounds of the acid are produc ed annually with 
a value of about $275,000. About a million pounds of corn sugar are 
required as raw material. 

Founding a new industry: manufacture of citric acid.—As late as 
1922 almost all of the citric acid used here was imported from Italy. 
There the acid was obtained from waste fruits. It was not until the 
fundamental studies in the Bureau, about the time of World War I, 
that it became clear that a citric acid fermentation industry could 
be established in this country. It was demonstrated that selected 
strains of Aspergillus niger fermented sugar to give good yields of 
citric acid, and farorable environmental conditions were determined. 
These investigations were so successful that in only a few years the 
industrial production was firmly established, and by 1927 this country 
was almost independent of foreign sources for this material which has 
found such wide use in foods, soft drinks, and other applications in 
industry. Production has increased steadily until now about 2 20,000,- 
000 pounds of citric acid are produced annually with a value approach- 
ing $9,000,000. Citric acid is a harmless ingredient of food and drink, 
and its sale is bound to increase from year to year. 

Research project RRL-5-(7)-MFE-1 

Development of practical methods of using alcohol as a motor 
fuel_—A complete bibliography of all technicai information on alcohol 
motor fuels was compiled and published as USDA Bibliographical 
Bulletin No. 10. A comprehensive program of engine testing on 
alcohol, other fuels derivable from agricultural products, gasolines, 
and gasoline components, alone and in many different combinations, 
was carried out under a wide variety of engine conditions. This was 
accompanied by laboratory investigations on volatility, corrosiveness, 
ability to stay mixed, and other factors affecting use in vehicles. The 
above work demonstrated that alcohol- gasoline blends can be used 
in present-day automobiles without difficulty to give a considerable 
improvement in antiknock quality over gasoline alone, and paved the 
way for development of alcohol- water injection, a more efficient 
method of utilizing the antiknock value of alcohol. Very large 
quantities of grain alcohol could be consumed through the use of alco- 
hol, either in a blend or in alcohol-water mixtures for injection. It 
has been shown thai 10-25 percent blends, using low octane gasoline, 
will equal or even surpass present-day, high-gr: ade premium fuels and 
that, with increasing dependency on imports, such a development 
would be of utmost ‘importance not only from the point of view of 
possibly taking care of surplus agricultural products but also of con- 
serving our natural resources in general. Tests with alcohol-water 
injection appear to show that in this case alcohol may be able to 
demand a premium price, since relatively small amounts suffice to 
obtain the desired gain in gasoline quality. In any emergency the 
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octane numbers of present gasolines will drop to World War II 
levels or even lower because of possible vastly greater requirements. 
Farm tractor operation and other essential activities would then be 
severely handicapped without some way of compensating for the lower 
fuel quality. 


Research project RRL-5-(7)-OP-4 


Textile fibers made from corn protein—A new process for the pro- 
duction of strong, resilient textile fibers from the corn protein zein 
was developed. “These fibers are like wool in many of their prop- 
erties and are now being used in the manufacture of clothing, dra- 
eries, and many other textiles, Present commercial production of the 
ber is approximately 2.5 million pounds annually, with a value of 
80 cents per pound. A recent economic survey by the Arthur D, 
Little Co. has predicted an increase in annual roduction to 18 or 20 
million pounds in the near future. This development has provided 
an entirely new industrial outlet of enhanced value for corn protein. 
A conservative estimate of the value of the development honed on the 
increased value of the protein as zein fiber is $100,000 annually at the 
present production rate with the expectation that this will increase to 
$800,000 within the next few years. 

Research project RRL-5-(7)-SD-1 

Waay cereal starches—a new source of farm income.—The so-called 
waxy, or glutinous, varieties of cereal grains contain an unusual type 
of starch which is similar in paste characteristics to tapioca starch. 
Waxy corn and sorghum starches were used during World War II 
to replace tapioca, which is normally imported from Java. Essen- 
tial uses of a starch of this type include adhesives for corrugated 

cardboard cartons, envelope flaps, and plywood parts of trainer air- 
pl ues. Varieties of grain sorghum selected and bred by plant genet- 
icists in Texas and Kansas were tested for processing characteristics 
and starch properties, thus helping in the rapid development of Cody, 
a waxy variety of sorghum, which was processed for starch to replace 
tapioca in food pre parations. In 1945, en acres of this sorghum 
were grown for use in starch production. As the result of research 
on the properties of waxy cornstarch by this Bureau and State agri- 
cultural experiment stations, waxy corn seed stock was rapidly in- 
creased by the Bureau of Plant Industry, Soils, and Agricultural 
Engineering, and starch from this type of corn entered industrial use 
early during World War II. Waxy cornstarch continues in produc- 
tion; in 1949, over 1 million bushels of waxy corn were produced under 
contract. for industrial use. Research directed primarily toward 
filling emergency needs during World War IT has ultimately resulted 
in new products which, on superior merit, have established a place in 
our peacetime economy. 

Starch sponge saves lives.—Starch sponge, a physical modification 
of starch produced by freezing a starch paste or gel, may be a lifesaver 
as a surgical dressing. The sponge is soft and pliable when wet, 
crisp and brittle when dry. Its usefulness in surgery depends upon 
two facts: Starch sponge has a specific effect in stopping bleeding: 
and, if necessary, the sponge can be left within the body where it is 
broken down by body enzymes to give glucose sugar which is utilized 
by the body. A saving of many lives has : already been attributed to 
the use of starch sponge for controlling bleeding of mothers after 
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delivery and of patients undergoing major operations. There is 
some evidence that starch sponge may be useful in controlling bleeding 
stomach ulcers. At least four pharmaceutical manufacturing com- 
panies, and possibly more, are investigating the manufacture of starch 
sponge and placing their product for evaluation by chosen members 
of the medical profession. If the results are as successful as is antici- 
pated, an estimated 1,000,000 pounds of starch a year will be used 
to produce starch sponge. 

Test for overheated corn will help both the farmer and the industrial 
user.—Overheated corn is difficult to process for starch production. 
Safe drying conditions are known but are often ignored. Hence, at 
least one large corn processor has in the past refused to purchase corn 
from a county in which a drier was known to be operating. With the 
advent of common use of the mechanical corn picker, more and more 
corn requires artificial drying before storage. Hitherto there has 
been no method for determining if corn has been overheated during 
drying. Workers in the Bureau are engaged in the development of 
a simple chemical test which indicates damage caused to corn by over- 
heating. The test is quick and easy to make and requires no specialized 
equipment. It can be carried out in about 30 minutes by the prospec- 
tive purchaser. This offers a safeguard to the processer and can show 
the corn drier how to operate the drying schedule. At the same time, 
discrimination against the farmer whose corn has been properly dried 
is avoided. This test has already found limited industrial applica- 
tion. Further studies now underway are expected to broaden its 
usefulness. 

Scientific control method developed for the steeping operation in 
corn wet-milling process.—The wet-milling process for the production 
of starch from corn was developed industrially by trial and error, and 
until recent studies were made by Bureau chemists, information was 
lacking as to the changes effected within the corn kernel during steep- 
ing preparatory to milling. It was established that the sulfur dioxide 
solution in which the corn is steeped, or soaked, has a specific effect in 
disintegrating the proteinaceous material in which the starch granules 
lie embedded. The lactic acid formed by micro-organic action during 
steeping was shown to soften the corn kernel. On the basis of these 
fundamental findings, it has been possible to determine in the starch 
factory when the steeping is completed, and to modify the steeping 
procedure scientifically to meet the requirements for processing soft 
(high-moisture content) corn and corn that has heated during storage. 
This study has been termed a “classic” by members of the corn wet- 
milling industry and an example of most practicable research to fur- 
ther economics in the processing of agricultural products. This 
industry uses about one-tenth of all the corn sold by farmers, or about 
25 percent of ail the corn going into industrial uses. 

Studies of factors affecting viscosity of starch pastes provide basis 
jor the industrial use of starch.—Unmodified and slightly modified 
starches are generally used for the unique characteristics of their 
pastes. In many applications, such as textile and paper sizings, where 
large percentages of such starches are employed, the essential paste 
characteristics must be maintained over many hours. A study has been 
made of the factors, including kiad of starch, concentration of starch, 
temperature of pasting, and degree of agitation of the paste, which 
affect the paste viscosity. All factors were found to be closely inter- 
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related. This work laid a scientific foundation for the industrial con- 
trol of paste viscosity by control of the factors affecting this character- 
istic. Knowledge of the factors responsible for starch paste viscosity 
allows better control by industries employing starch for sizing, finish- 
ing, and thickening purposes in specific applications. Hence, starch 
remains satisfactory in these fields and competes successfully with 
other products which might otherwise competitively replace the starch. 

New industry for wet-milling grain sorghum.—Laboratory investi- 
gations important to this development were carried out. The whole 
accomplishment is discussed under research project RRL-5—(7)-E-2, 
p. 569 of this chapter. 

Research Project RRL-5-(7)-SD-2 

A new method for separating sugars speeds up research.—New tech- 
niques and improvements have been worked out in the analytical 
method known as chromgtography so that complex mixtures of sugars, 
such as those obtained in the liveaboerien of starch, can be analyzed. 
The new procedures enable a worker to do in a few days with simple 
equipment an analysis which formerly would have taken months or 
would have been entirely impossible. ‘With the aid of these improved 
methods of chromatography, outstanding advances are being made in 
the search for new enzymes which will improve the production of 
alcohol and other fermentation products through more complete and 
economical breakdown of the starch used. Information on hehe ana- 
lytical methods is being given to workers in the corn wet-milling indus- 
tries, which process 25 percent of the corn used by industry. In these 
industries the methods will be of value in research and control work, 
particularly on the production of corn sirup and corn sugar which 
are made from about two-thirds of the starch produced. 

First isolation of a rare sugar from starch—preparation of isomal- 
tose—Research on the fundamental chemistry and structure of starch, 
conducted under a cooperative agreement with Corn Industries Re- 
search Foundation, resulted in the first isolation of the pure sugar 
isomaltose. Methods were developed for its preparation on a prac- 
tical scale, thereby opening a wholly new field for research experi- 
ments on the conversion of starch and starchy grains into industrial 
products by acids and enzymes. This work represents a signal con- 
tribution to the fundamental chemical knowledge of the molecular 
structure of starch. The development of both laboratory and pilot- 
plant methods of the preparation of isomaltose represents the applica- 
tion of a versatile new tool—carbon column fractionation—which can 
be used in experimental and practical research as well as in commercial 
purifications and separations of sugars. The availability of isomaltose 
will allow the institution of many chemical and biochemical investi- 
gations leading to a more complete understanding of the properties 
and behavior of starch in practical processes. From these investi- 
gations new starch products and new and improved processes for the 
industrial conversion of starch and cereal grains can be reasonably 
expected. 

Studies of starch structure lead to a potential blood plasma substi- 
tute.—In the course of fundamental studies of the chemical structure 
of starch, comparisons were made with a related polysaccharide, dex- 
tran. Recently, dextran has attracted increasing attention in med- 
ical circles as a possible blood plasma substitute for maintaining blood 
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volume. Information on dextran provided by the Bureau has made 
it possible for one commercial organization to undertake the pilot- 
plant production of dextran to supply the growing demand for this 
material. The availability of dextran, if it proves suitable as a blood 
plasma substitute for maintaining blood volume, is of vital importance 
in the case of war with attack on our civilian population. The emer- 
gency mass treatment of thousands of people for the shock accompany- 
ing injuries would require the stockpiling of ton quantities of the 
plasma substitute. 

Starch yields fractions of enhanced commercial value.—Starch con- 
tains two very different materials, called amylose and amylopectin, 
which have proved of potential commercial value. Studies of the use 
of different chemicals for separating starch into the amylese and 
amylopectin fractions have revealed basic principles which provide 
a guide for the research for more economical methods of fractionating 
starch, applicable on an industrial scale. The information on frac- 
tionation also is essential for many phases of reseach on starch, such 
as the work on the preparation of new films and plastics (RRL-5—(7)- 
SD-3, p. 568 of this chapter). The amylose fraction was found, in the 
course of the study of starch fractionation, to be a potential raw 
material for making synthetic fibers. The spinning of fibers from 
amylose acetate, a chemical derivative of the amylose fraction, has 
given information which is ready for commercial application as soon 
as an economical method of producing amylose is developed. Fibers 
from starch then can take their place in the annual production of 
over 1,000,000,000 pounds of synthetic fibers in the United States. 
Research project RRL-5-(7)-SD-3 

New films and plastics derived from starch—Everyday use of plas- 
tic films for packaging, decoration, photegraphic film, and electrical 
insulation is now commonplace. Discovery in the Bureau of another 
new type of raw material of agricultural origin for making such 
useful objects is of considerable importance. Starch from a chem- 
ist’s point cf view is a mixture of two substances which are designated 
as amylose and amylopectin. The amylose portion, representing 
about one-fourth of the weight of the common starches, when chem- 
ically converted to a product known as an ester, becomes less sensitive 
to water and dissolves in organic solvents, such as chloroform. Such 
chemically modified amylose can be formed into clear, lustrous films 
of good strength and flexibility. The melted amylose esters can also 
be forced into a cooled mold of any desired shape for the preparation 
of plastic articles. Expanded use of these new products derived from 
starch can be expected as soon as amylose is available at a favorable 
price. This goal depends on the perfection of methods for the separa- 
tion of amylose from starch, or on the production of new crop vari- 
eties, the starch of which is unusually high in the amylose fraction. 

New water-resistant starch products.—Starch swells in hot water to 
form a paste. This property of starch has been responsible for its 
extensive use in adhesives, in laundering applications, in sizing paper 
and textiles, and in various food uses, but excludes its use in applica- 
tions where water resistance is required. For example, there has been 
a need for a dusting powder resistant to hot water to replace tale in 
surgical applications. To modify starch in a fashion so as to render 
it suitable for such uses, workers in the Bureau have developed several 
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new products. One such new starch modification has been developed 
by treating starch with exceedingly small amounts of chemical 
reagents known as d'-isocyanates. The process of modifying starch 
with these chemicals, which can easily be carried out without compli- 
cated equipment, renders the starch so water-resistant that it does not 
form a paste even in boiling water. The water-resistant starches 
prepared by this process, for which a patent has been applied, are 
expected to have important industrial applications as dusting powders, 
insecticide carriers, and fillers for plastics, and in other channels where 
starch is presently not used. Another novel starch product developed 
in the Bureau is the phosphate ester, prepared without rupturing the 
particle (granule) in which starch occurs in nature. These starch 
phosphates are very insoluble, even in hot liquids, because the mole- 
cule has been made larger by a process called crosslinking, in which 
adjacent natural molec ules are bound together by synthetic bridges 
of phosphate. Such products are not only insoluble, but free flow- 
ing when dry and resistant to swelling in hot water. Hence, they may 
be used as lubricating and dusting powders under many conditions 
under which starch itself would not be suitable. They also have the 
property of removing soluble ions of metals from solutions. Such a 
process is used, for example, to remove calcium or magnesium from 
hard water to make the water soft. Many other potential uses, based 
on this property, are found in the chemical process industries. Sev- 
eral industrial laboratories are now evaluating these starch derivatives 
for various uses. 

Study of the roasting of starch to make dextrins is fundamental to 
improvement of the process and products.—The roasting of starch to 
make water-soluble, sticky products known as dextrins is of great 
industrial importance. The present annual output of cornstarch 
dextrins in this country is over 150,000,000 pounds. These dextrins 
find extensive use as textile sizes and adhesives. Because of lack of 
knowledge as to the influence of factors such as variations in differ- 
ent batches of starch and in operating procedures, the rate of dextrin 
formation is variable. The production of dextrins is, therefore, a 
poorly controlled art rather than a standardized procedure based on 
scientific knowledge. Progress has been made in the Bureau in the 
study of the complic: ated and intricate relation of heating schedules 
and chemical modifiers to both the physical and chemical properties 
of the dextrin produced. The specific effects of such factors as source 
of starch and the acidity and hardness of processing water on the 
rate of dextrin formation have been established. By enabling 
industry to apply scientific control to make products of specified 
characteristics, the cost of producing dextrins can be lowered. At the 
same time, uniformity of desired properties in the dextrins made will 
stabilize their use and perhaps allow them to compete successfully 
with other materials in new applications. This would lead to the 
processing of more grain for starch to be used in dextrin production. 

Conversion of starch to chemical derivatives points way to new uses 
of starch.—In order to render starch suitable for new uses, it has been 
chemically converted into a variety of products known as ester and 
ether derivatives. Starch esters have been prepared which have prop- 
erties greatly different from those of the original starch. For 
example, some of the starch esters contained combined chlorine and 
nitrogen and dissolved easily in organic solvents. These compounds 
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are being tested for possible use as larvicides, ovicides, msecticides, 
and fungicides by the Chemical-Biological Coordination Center of 
the National Research Council. Many other starch esters were pre- 
pared having properties which may make them of future industrial 
value. Not only are starch derivatives important for expanding the 
uses of starch, but they improve the position of starch in competition 
with other materials such as resins. 
Research project RRL-5—(7)-ND-4 

Batter process makes wheat flour source of starch and gluten—An 

improved process for obtaining starch and gluten from wheat flour, 
called the batter process, was “developed in 1943. It increased the 
country’s supplies of foodstuffs and industrial alcohol during the war, 
and has important possibilities as an outlet for wheat. flour in normal 
times. Operations of the process in 1945 required about 300,000,000 
pounds of wheat flour from which the yields of final products were 
about 30,000,000 pounds of dextrose sugar, 225,000,000 pounds of 
glucose sirup, and 40,000,000 pounds of wheat gluten. The products 
were sold at an average of 10 cents per pound, or for a total of about 
$30,000,000. Because of the sh ortage of sweetening agents during 
the war, the process was installed in a number of locations. 
Two domestic plants have continued to operate the process up to the 
present time. The process offers an improved means for the produc- 
tion of starch, sirup, sugar, and gluten from domestic agricultural 
commodities. 

Saccharic acid from corn sugar.—Saccharic acid is obtainable from 
starch and corn sugar by a process called oxidation. This acid has 
been known for more than a century, but it had elicited no industrial 
interest until the Bureau developed a practical method for its large- 
scale production using corn sugar as a raw material. Investigation 
has shown this acid and its salts to have properties which make them 
valuable for the cleaning of milk cans, milk bottles, and bulk transport 
milk tanks. Mixed with detergents they are effective for dissolving 
milk stone and for removing, with a minimum of corrosion of the 
metal, protein and fat films cemented to can surfaces. A limited 
amount of the caleium salt is being produced by a large company for 
use in the treatment of milk fever in cows. The free acid is edible 
and is a potential substitute for such food acids as citric and tartaric 
acids which generally are scarce in wartime. With slight modifica- 
tion, the new chemical may be utilized in the manufacture of resins, 
plastics, and synthetic fibers. It can be produced currently from 
corn sugar at a cost of about 25 cents a rd 5 
Rese arch project RRL-5—( 7)- SD-5 

Synthetic detergents from corn sugar.—Gluconic acid, a product of 
fermentation of corn sugar, and fatty amines derived from low- 
grade, inedible fats and oils are the raw materials used for the prepara- 
tion of a synthetic detergent having excellent soil-removing properties. 

sy proper chemical combination of these substances 3 a ‘product has 
been made which is considerably more efficient than the synthetic 
detergents now being marketed which utilize relatively scarce benzene 
as a raw material. The detergent derived from corn sugar can be 
produced at a cost comparable to the cost of manufacture of the 
popular brands of synthetic cleaning agents. The exploitation of 
this development is expected to utilize millions of pounds of corn sugar 
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and low-grade fats annually. An illustration of the magnitude of this 
field is the estimated production in the United States in 1948 of 800,- 
000,000 pounds of synthetic detergents. 

Glucuronic acid from corn sugar.—Glucuronic acid, found in tissues 
of the human body, is important to our health. It aids in the removal 
of poisons from the body by chemical action and elimination in the 
urine. Recently, it has been reported that this substance shows 
promise for the treatment of certain types of arthritis. It is also used 
in modified form in the Odell cancer test. Glucuronic acid has been 
most difficult to prepare by chemical means, and the cost of this 
substance in 1947 was quoted at $1,600 a pound, the acid being availa- 
ble only jan gram lots. Bureau research has now developed an 
efficient process for the chemical synthesis of this important acid by 
which it can be prepared from corn sugar at a cost of approximately 
$2 a pound. The availability of glucuronic acid in large amounts at 
low cost will hasten evaluation of its therapeutic activity toward 
arthritis. At present, one large company is producing glucuronic 
acid from corn sugar on a pilot-plant scale and another has initiated 
work on the evaluation of the Bureau process for the manufacture of 
thischemical. Large-scale utilization of glucuronic acid is contingent 
upon the successful conclusion of the clinical investigation of its use in 
the treatment of arthritis. 

Research project RRL-5-(7)-E-1 

Chemical intermediates for synthetic rubber—As a contribution 
to the synthetic rubber program during World War II, a process for 
the production and recovery of butylene glycol was develoned on a 
pilot-plant scale. Butylene glycol was produced by the fermentation 
of grains or other carbohydrate materials and was used as the raw 
material for the production of butadiene, the basic material for the 
manufacture of synthetic rubber. Plant designs and cost calculations 
were prepared for a plant with a capacity of 10,000 short tons of buta- 
diene a year. Although the process was not included in the synthetic- 
rubber program, it is available for any future emergency, and it is 
quite possible that butylene glycol, the intermediate chemical in the 
butadiene process, may become an important industrial chemical. De- 
pending upon the cost of grain, the total production cost for butylene 
glycol is 10 to 12 cents per pound. 

Saccharic acid from corn sugar.—A_ pilot-plant-scale process for 
the production of this acid was developed. Details of the whole ac- 
complishment are reported under research project RRL-5-(7)-SD-4, 
p. 568 of this chapter. 

New cleansing agent.—A process has been developed in the pilot 
plant for the production of sodium gluconate by the fermentation of 
corn sugar. This substance combines with the minerals naturally 
present in water and prevents the formation of scum during cleans- 
ing operations. The production cost is estimated to be 10.5 cents per 
pound, which is much cheaper than several other substances used for 
this purpose. One of the largest concerns in the business of selling 
these cleansing agents is interested in manufacturing sodium glu- 
conate and is now engaged in testing it on a large scale in dairies and 
beverage-bottling plants. 
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Research project RRL-5-(7)-E-2 

Starch and sugars from whole wheat.—To meet the shortage of corn 
sugar and sirup caused by the diversion of large quantities of corn to 
livestock feeding and industrial alcohol production during World 
War II, a process was developed for making starch from the whole 
wheat kernel. The starch can be converted to sirups and sugar by the 
same methods used for the conversion of corn starch. The starch 
obtained from sound wheat is of excellent quality, and good starch can 
also be extracted from damaged wheat. The method is similar to 
that used in the wet-milling of corn, and during the war when corn 
was scarce, wet millers processed approximately 3,000,000 bushels of 
wheat into glucose sirup and byproduct feeds. While the frocess 
cannot compete with corn wet-milling in the Middle West where corn 
is invariably cheaper than wheat, it appears entirely feasible in the 
Pacific Northwest where the price of soft white wheat is relatively 
low and, in normal times, invariably lower than that of corn. 

New industry for wet-milling grain sorghum.—Because grain sor- 
ghum is becoming an important crop throughout the Southwest and 
has attractive possibilities as a raw material for industrial processing, 
extensive investigations have been carried out on the Aneelo oment of 


a method for its wet-milling for the production of starch and byprod- 
uct feeds. It appears that through the cooperative efforts of indus- 
try, the Kansas State Agricultural Experiment Station, and the Bu- 
reau, the foundation has been laid for an entirely new industry. At 
the present time, one of the large wet milling concerns is placing a new 

lant in operation in Texas with a capacity for wet-milling 20,000 


ushels of grain sorghum per day. The daily output is expected to be 
300,000 pounds of dextrose, 330,000 pounds of starch, and 300,000 
pounds of edible oil. This is the first large new starch plant built in 
the last 22 years. 
Research project RRL-5-(7)-E-3. 

New fermentation agent reduces cost of producing alcohol from 
cereals.—Based on earlier laboratory work, a process has been devel- 
oped on a pilot-plant scale for the preparation and utilization of 
fungal amylase liquors in the production of alcohol by fermentation. 
The fungal amylase can be used to replace malt for converting starch 
to sugar with no decrease in the yield of alcohol. Cost estimates in- 
dicate that a quantity of liquor sufficient for converting the starch of 
1 bushel of grain into sugars fermentable to alcohol can be produced 
for approximately 6 cents, and that by using the mold preparation a 
distillery mashing 10,000 bushels of grain per day may reduce its 
qpeneting costs by as much as $1,000 per day. Under an RMA con- 
tract, a large industrial concern is now conducting full plant-scale 
be on the process, Results to date confirm those obtained in the pilot 
plant. 

War alcohol obtained from wheat through coordinated research.— 
Wheat was practically the only raw material available in large quanti- 
ties for the production of alcohol, essential during World War II for 
the manufacture of munitions and synthetic rubber. Supplies of corn 
and molasses, usually used for industrial alcohol production, were crit- 
ically short. Practically no information, however, was available con- 
cerning proper processing conditions of wheat. Early attempts at 
commercial use resulted in a slow-down of plant operations because of 
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the glutinous characteristics of wheat protein. Serious troubles were 
encountered in grain cooking, in excessive foaming of mashes during 
fermentation, in distilling, and particularly in recovering waste stil- 
lage for cattle feed. The problem was solved by research of industrial 
corporations, commercial research laboratories, universities, and Fed- 
eral agencies coordinated by this Bureau. Previous to the war, total 
use of wheat by distillers was about 280,000 bushels. In contrast, in 
the period of 1943-45, a total of 136,000,000 bushels of whole wheat 
and an additional 89,000,000 bushels of original wheat reduced to 
granular flour were utilized. While future continued use will depend 
on relative grain costs, the methods have been established, and even 
if unused will remain available for future emergencies. 

Research proj ct RRL-5-( 7)-A-1 

Chemical analyses of a service nature conducted under this project 
have contributed materially to the accomplishments of other projects 
reported elsewhere. Research accomplishments under this project are 
reported below. 

Development of corn hybrids of increased industrial value—The 
chemical analyses of hundreds of samples of corn grain from different 
inbred and hybrid corns grown at State agricultural experiment 
stations resulted in the identification of pure inbred lines which tend 
to increase or decrease the oil content in the double-cross hybrid corn. 
Because corn oil, pound for pound, is worth more than corn protein 
or starch, the intrinsic value of corn for industrial use can be materi- 
ally increased by an increase in oil content. At present prices, an 
increase of one-half percent would increase the value of the 125,000,000 
bushels of corn processed annually by the wet-milling industry by 
nearly $4,000,000. The analytical data have stimulated corn breeders 
to produce high oil hybrids and these are now being tested for disease 
resistance, yield, and other agronomic characteristics. 

R. S¢ arch proj ct RRL 5—(7)-A x 

Physical chemical analyses of a service nature conducted under this 
project have contributed materially to the accomplishments of other 
propects reported elsewhere. Research accomplishments under this 
project are reported below. 

Instrumental methods of analysis accelerate deve lopme nt of new 
products —Application of physical chemical instruments and tech- 
niques has given new and faster methods of analysis that have aided 
materially in developing new products. In some cases no other meth- 
ods of determining composition were available. For example, there 
were no existing analytical procedures for determining the amounts 
of useful solvents produced by certain new types of fermentation of 
cereal grains. In order to know the efficiency of the fermentation 
process, this information was of vital importance. To supply this 
need, a precise distillation analysis was devised and was instrumental 
in the development of the fermentation processes reported elsewhere. 
Further example is provided by a rapid method developed to measure 
the amount of a trace impurity occurring in corn sugar. This impurity 
was extremely toxic to micro-organisms used to convert corn sugar to 
compounds of enhanced value, and a rapid method of analysis was 
necessary to detect and control this impurity throughout the fermen- 
tation process. The rapid method devised reduced the cost of making 
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the many analyses required and materially facilitated the success of 
the project. , 

4 Improved procedures of characterizing starch products——The re- 
a action of alkali with starch and starch products has long been used by 
industry as an empirical test for quality control. Research on this test 
has not only increased its sensitivity and accuracy but has revealed its 
significance in terms of the relative size and structure of the molecules 
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: of starch. This affords an improved method for measuring these prop- 
l erties, which are of great importance in determining the industrial use 
' of starch products. 

fi Research project RRL-5-(7)-A-4 

A Work on this project has been concerned with the collection, proc- 
4 essing, and storage of cereal grain samples necessary for the research 
3 work of the Northern Regional Research Laboratory. Contact has 
A been maintained with the plant breeders of State agricultural experi- 
3 ment stations and the Bureau of Plant Industry, Soils, and Agricul- 
| tural Engineering, to obtain information on varieties developed which 
may be of especial interest to industrial usage and to obtain their 
and in bent itie and collecting varieties especially adopted to 
z industrial utilization. 


Increase in vitamin content of grain sorghums.—In order to lower 
: the cost of producing alcohol by increasing the money value of by- 
, product feeds, attention has been directed to the possibility of in- 
P creasing the vitamin content of cereals by cooperative breeding and 
analytical investigations with State agricultural experiment stations. 
Information thus far obtained shows that some of the B-complex 
vitamins of grain sorghums are inherited. Analytical results from 
340 different sorghum strains grown by plant breeders at the Kansas 
State Agricultural Experiment Station have shown definitely that 
the content of niacin, a vitamin which is of particular value in the 
feeding of poultry, swine, and heavy milk-producing cows, repre- 
sents a varietal and dominant characteristic. These analytical data 
guided breeding experiments which, in some instances, resulted in 
a threefold increase in vitamin content. This information points 
the way to the development of commercial varieties of grain sorghums 
having increased nutritional value, and to the production by the 
alcohol industry of byproduct feeds having a higher vitamin content 
through the utilization of high-niacin sorghum grain. 


F. SOME ADDITIONAL WORK NEEDED 













Industrial products now manufactured from cereal grains repre- 
sent only a fraction of the potentially important products which 
can be developed by continued research. Moreover, the use of many 
existing cereal grain products can be extended by improving their 
competitive position through research directed toward improved 
quality and more economical processing or manufacturing methods. 
Still another field for productive research lies in the collaborative 
efforts of chemists and plant breeders in developing cereal grain 
varieties of enhanced feed, food, and industrial value. Some specific 
problems for future research in these fields are presented below. 
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Production of new chemical intermediates from starch for the 
manufacture of industrial chemicals, pharmaceuticals, and plastics.— 
Over one-half of starch produced from cereals today is converted 
into sirups and dextrose sugar by the action of acids in water solu- 
tion. Starch can also be broken into simpler molecules by reagents 
such as alcohols, liquid sulfur dioxide, liquid ammonia containing 
salts, and many other nonaqueous systems. New sugars and sac- 
charides valuable for the manufacture of industrial chemicals, phar- 
maceuticals, or plastics should be obtained from such treatment. 

Production of new breakdown products of starch by the action of 
specific enzymes.—The giant molecules of starch are composed of 
simple sugars held together by two types of chemical linkages, one 
occurring with about 20 times the frequency of the other. In 
contrast to the action of acids, enzymes attack preferentially one or 
the other type of linkage. Enzyme preparations have been found 
which break the less frequent type linkage when it occurs in simple 
sugars, and in polysaccharides containing a pire erseeer of the 
less frequent type linkage. Applied to starch, an enzyme of this 
specificity should make possible the production of starch breakdown 
products of limited molecular size which would be valuable as con- 
ditioners, bodying agents for sirups, and other food products. In- 
vestigation of the size and chemical nature of the Leaiiees products 
would give much information on the structure of the native starch 
molecules. Survey of enzyme sources for this specific action and 
concurrent structural studies should be undertaken. 

Development of new or improved methods for the production of 
starch from cereals.—In the present industrial wet-milling process 
corn is prepared for the separation of starch by steeping in a weak 
solution of sulfur dioxide. Sulfur dioxide, however, corrodes metal 
equipment, is injurious to the health of personnel, and lowers the 
quality of the starch. Wet millers have experimented with other 
steeping agents, but results have been poor because there was insufli- 
cient scientific information to allow the intelligent choice of steeping 
agents. Research on the nature of the changes occurring within 
corn and other cereals during steeping and the mechanism by which 
these changes are brought about should result in new or improved 
methods for treating cereals in preparation for the industrial separa- 
tion of starch. 

Conversion of cereal grains into high-protein, high-vitamin-B,, 
feed by fermentation.—Cereal grain and forage crops lack the amount 
and quality of proteins and vitamins necessary for optimum value 
as feeds. Consequently, animal rations must include protein and 
vitamin supplements. These additional nutrients could be supplied 
by fermentation of the grain by yeasts and other micro-organisms. 
Research should be directed toward developing efficient processes for 
carrying out these fermentations on scales adapted to use both by 
small cooperative farmer groups or by larger plants. 

Development of new food products to increase foreign markets for 
grain.—Many populations, particularly those of India and several 
Latin-American countries, grow insufficient cereals to satisfy their 
needs. Outlets for domestic cereals would be provided if manufac- 
tured-food products were developed which were suited to the dietary 
habits and tastes of these foreign countries. Research on this project 
would include survey of dietary habits and food products of these 
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populations, selection of food products for duplication, improvement, 
or substitution, and development of these products from domestic 
cereals. 

Investigate the properties and utilization of the seeds cf plants 
which may become new crops and sources of industrially important 
vegetable gums.—Both the supply and quality of imported vegetable 
gums is uncertain. A domestic source is needed to meet industrial, 
food, and pharmaceutical demands, as well as to provide additional 
crops for domestic agriculture. Agronomic, processing, chemical, 
and utilization studies should be made on the seeds of such plants 
as guar and psyllium which are rich in mucilaginous or gumlike 
constituents. 

Develop high-yielding corn hybrids, high in amino acids, in vita- 
mins, and in other properties associated with high feeding value.— 
Over 90 percent of this country’s 3,000,000,000 bushel annual corn 
crop is fed to livestock. The importance of developing corn hybrids 
of maximum feeding value is therefore apparent. Nutritionally, 
corn hybrids presently grown are deficient in vitamins and the two 
amino acids, tryptophane and lysine. Corn breeders have been 
successful in developing hybrids high in oil and protein, and some 
work indicates that the content of B-complex vitamins in corn may 
be altered by breeding new varieties. Chemical studies on the amino 
acid and vitamin composition of corn inbreds should be undertaken 
to guide the selection of superior strains by the plant breeder. 

Research on the development of alcohol as a motor fuel—Pre- 
liminary results have indicated that alcohol, either injected or blended 
with gasoline, may reduce carbon deposition, wear, and lubricating- 
oil deterioration, particularly with gasolines high in sulfur content. 
Since future gasoline supplies will very likely contain larger amounts 
of sulfur than at present, further investigation of these possible bene- 
ficial effects is desirable. The efficiency of automotive engines is re- 
duced by unequal distribution of fuel among the various cylinders. 
When alcohol is used, either in blends or by injection, the maximum 
benefit can be obtained only with proper distribution of the alcohol. 
Research is needed to work out methods of obtaining proper distribu- 
tion of injected alcohol. In addition, alternative methods of using 
alcohol, such as two-fuel carburetors using an alcohol blend as the 
high-octane fuel, should be examined. 

Fundamental investigations on the physical and chemical properties 
of the starch and protein of cereal grains-——Our khowledgs of the 
physical and chemical properties of the starch and proteins of cereal 
grains is far from complete and must be added to by continued in- 
vestigation of their structure, molecular size, and chemical, solid, and 
solution properties, as well as of their reactions with specific enzymes. 
The potentialities of such information are great because its funda- 
mental nature permits its wide application to improvements in exist- 
ing products and processes and provides the basis for entirely new 
product developments. 

Fermentation research.—Micro-organisms have unusual synthetic 
abilities and are capable of converting sugar and other nutrients to 
many different types of products. These include vitamins, enzymes, 
antibiotics, organic acids, and alcohols. Some of the simplest, such as 
ethyl alcohol, may be manufactured from petroleum. On the other 











5SS AGRICULTURAL RESEARCH AND RELATED SERVICES 


hand, the citric acid molecule is sufficiently complicated that it is made 
commercially only by fermentation. The same is true of penicillin. 
Perhaps the future developments in the fermentation field will deal 
mostly with the somewhat more complicated molecules. Obviously, 
past successes indicate that there are many more to be brought to the 
aid of American agriculture. Not only must many types of surveys 
be continued, but fundamental chemical investigation of the metabolic 
steps involved in fermentations should be expanded. It was just 
this type of research which enabled Germany to make glycerol by 
fermentation during the First World War. 


INDUSTRIAL AND Oruer OvTLets ror Grain ( ALcono., Fuens, Vrra- 
MINS, ETC.) AND EVALUATION OF THE DEVELOPMENT OF Motor FUELS 
In EXPERIMENTAL AND FuLi-ScaLe ENGINES 


(BAIC—RM : a—127—Federal-State—RMA Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To conduct chemical, biochemical, physical, and engineering re- 
search on the development of new uses and markets for cereal grains 
and their products and byproducts. Current work is designed to 
demonstrate the feasibility of injecting automatically, as needed, a 
mixture of alcohol and water into the manifold of internal-combustion 
engines for the purposes of preventing engine knock, permitting the 
use of higher compression ratios, increasing the efliciency of combus- 
tion, and lowering maintenance costs; to develop processes for pro- 
ducing from grains or their byproduets industrially important vita- 
mins, enzymes, and acids; to discover yeasts capable of producing 
larger amounts of proteins and vitamins; to produce, by means of 
molds and bacteria, enzymes that will break down proteins into sim- 
pler compounds; to develop transparent films of improved quality from 
starch; to determine the structural and chemical nature of the various 
parts and constituents of grain kernels. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—127—1—Alcohol-water injection studies on internal-combus- 
tion engines. To establish conditions for the practical application of 
alcohol-water injection in tractors, trucks, and passenger automobiles. 
Some work is being conducted in cooperation with associations of con- 
sumers, an association of agricultural producers, and a State depart- 
ment of roads and irrigation on the use of aleohol-water injection in 
heavy-duty trailer trucks. 

RM: a-127-3—Development of new industrially important micro- 
organisms. To produce and develop new strains of micro-organisms 
that give high yields of industrially important metabolic products, 
such as riboflavin, amylase, and ketoglutaric and citric acids. 

RM: a-127-4—New industrial chemicals produced by yeasts. To 
conduct a comprehensive survey of yeasts for the production of valu- 
able fermentation products such as vitamins, amino acids (i. e., in the 
yeast protein), enzymes, organic acids, and solvents; and to develop on 
a laboratory scale those fer mentations that appear most promising. 








ade 
lin. 
leal 
sly ° 
the 


eys 
olic 
just 

by 


[TA- 
TELS 


re- 
Lins 
| to 
la 
‘ion 
the 
yus- 
»ro- 
ita- 
ing 
s of 
im- 
rom 
OuUs 


us- 
1 of 
les. 
‘on- 
aArt- 
1 in 


Cro- 
sms 


cts, 
To 
alu- 
the 


on 





eich ale M6 SA A at EE RABAT ALD AON NR lS 





GRAINS 589 


RM : a-127-5—Production of proteinases (enzymes that decompose 
proteins) by micro-organisms. To survey the molds and bacteria, es- 
pecially from the Bureau culture collection, for the production of en- 
zymes that will break down proteins, and to select the most promising 
species and strains for study of cultural conditions leading to maxi- 
mum yields. 

RM: a—1z7-6— Development studies on new starch products and 
new compositions of starch for the increased utilization of grains. To 
develop laboratory methods for the production of transpare nt films, 
fibers, and coatings from the amylose; fraction of starch; to determine 
their properties and modify them to provide the most industrially 
useful types of products. 

RM: a—127-7—New structural and chemical studies of grain kernels 
for improving the industrial processing and utilization of grains. To 
learn more about the physical structures of grain parts and the rela- 
tionship between the various structures and the chemical constitu- 
tion of different parts in order to provide basic information for in- 
dustrial processors that will make possible more efficient separation 
of cereal-grain constituents such as starch, protein, and oil. 

RM: a—127-8 (C)—Preliminary investigation of the effect of alco- 
hol-water injection on engine operation at low temperatures in the 
laboratory. ‘To investigate the effect of alcohol-water injection on 
engine ope! ration at low temperatures with regard to starting, wear, 
and engine deposits. ‘This work is being conducted at Fort Belvoir, 
Va., in cooperation with the Department of the Army. 

RM: a—127-9 (C) Preliminary investigations on the use of alcohol- 
water injection in miiltary transport vehicles. To determine the effect 
of alcohol-water injection on fuel requirements and engine mainte- 
nance in military vehicles. This work is being conducted at Aber- 
deen (Md.) Proving Grounds in cooperation with the Department of 
the Army. 

RM : a—127-10—Study of dual carburetion with alcohol fuel. ‘To 
test the use of aleohol blends as the high-octane fuel for engines 
equipped with two carburetors. 

RM: a-127-11—Development, on a pilot-plant scale, of processes for 
the-production of itaconic acid by fermentation and its recovery from 
fermentation liquors. To dev elop commercially feasible processes for 
the production of itaconic acid on a pilot-plant scale by fermentation 
of glucose with the mold Aspergillus terreus and recovery of the acid 
from the fermented medium for conversion to derivatives tiseful in 
high-grade plastics. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was made possible by the Research and Marketing Act 
of 1946. The project was approved September 29, 1947. Investiga- 
tions conducted prior to the passage of the act had indicated new 
methods and avenues of attack on the broad problem of expanding 
the industrial uses of cereal grains. Exploratory studies on the in- 
jection of water-alcohol mixtures into the manifold of internal com- 
bustion engines had shown increased operating efficiency and decreased 
engine fouling g, and indicated that low- octane gasolines may be used. 
The enhanced performance of airplane ee during World War 
II by means of water-alcohol addition to fuel mixtures by injection 
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held promise for similar improvements in the operation of automobile, 
truck, and tractor engines. Success in this work would result in 
gre atly increased demands for alcohol. 

Many micro-organisms were known to produce valuable chemicals 
and pharmaceutical agents; yet no intensive study had been made of 
the natural and artificially induced variants of important molds, 
bacteria, and yeasts. Success in finding high-yielding strains would 
greatly increase the industrial utilization of micro- organisms for the 
production of valuable chemicals from grain. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures on this special grain project for the fiscal 
years 1948, 1949, and 1950 have been $109,000, $208,000, and $260,000, 
respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of riboflavin—A process, based on earlier laboratory 
work, has been developed on a pilot-plant scale whereby riboflavin 
shi min B,) is produced in high yields by growing the yeast-like or- 

ganism As shbya gossypii in a nutrient solution, containing corn sugar, 
corn-steep liquor, and animal-stick liquor. The fermented broth is 
evaporated and dried for the production of a concentrate that is used 
as a supplement for animal feeds. The yields obtained in the pilot- 
plant work demonstrated that the process is economically feasible, 
and current laboratory work indicates that even better yields may be 
obtained. A ready market exists for the product, and an industrial 
concern is already producing it naeaakiley, 

Alcohol as a motor fuel.—Laboratory, eiisin aemaeaibia: and 
road tests have indicated the feasibility of using alcohol-water in- 
jection in combination with a relatively low- octane gasoline in pas- 
senger cars, trucks, and tractors. In this method, alcohol is injected 
into the engine only when a fuel of high antiknock value is needed, 
as in acceleration and hill climbing. Driving on level roads at steady 
speed requires a fuel with only a low knock rating, and the engine 
then operates on gasoline alone. Thus a small proportion of alcohol 
permits efficient use of relatively low-octane gasoline as the main 
fuel. Since more low-octane than high-octane gasoline can be made 
from a barrel of crude oil, w idespr ead adoption of the method would 
significantly extend the Nation’s petroleum resources. Results to date 
are very encouraging, and the work has progressed to the point of 
large-scale road testing in cooperation with State highway depart- 
ments, State agricultural experiment stations, gasoline cooperatives, 
and the Department of the Army. 

New developments with micro-organisms.—Improved methods for 
evaluating substrains and variants of Ashbya gossypii for riboflavin 
production have been developed. As a result of such improvements, 
experiments on a laboratory scale now give yields approximately 
double those obtained in the commercial process that was developed 
recently in the pilot plant. 

Work on the conversion of wheat into yeast has demonstrated the 
possibility of using a mixture of two yeasts. One of these, ¥ndomy- 
copsis fibuliger, rapidly converts starch to sugar, and the other, 7’orw- 
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lopsis utilis, readily converts cheap ammonium salts and urea into 
protein. It has been found that 100 parts of wheat will produce up to 
75 parts of a dry solid having a protein content of 32 percent. Since 
the vitamin content of the fermented wheat is substantially higher 
than that of wheat, its nutritional value is increased by fermentation. 

In the current investigation on the production of proteinases by 
micro-organisms, several hundred molds have been surveyed and 
onibaabell Of this number, about 25 offer particular promise, and 
steps are now being taken to define more accurately the conditions 
under which these produce maximum amounts of enzymes. This 
work should lead to technological improvements in the fermentation 
process, permitting large-scale manufacture of these enzymes at rea- 
sonable cost. 

Films from starch—Amy lose, the linear molecular fraction of ordi- 
nary cereal starch, has for the first time been converted into transpar- 
ent films comparable to cellophane. When the process is perfected, a 
new industrial outlet for starch will be realized. Extensive measure- 
ments of the physical properties of amylose film have shown that its 
properties are those required by commercial films. In addition to 
ordinary applications, amylose films, which are edible, are expected 
to fill special needs in food packaging and in pharmaceuticals. 

Microscopic structure of grain kernels——Exhaustive studies of the 
microscopic structure or architecture of the corn kernel have been 
completed. All parts of the types of tissues and constituents present 
show the structural relationships of importance from the standpoint 
of industrial utilization. When the chemical studies of the structures 
in the kernel are completed, the way will be paved for improved mill- 
ing and utilization processes. Flour millers, starch producers, and 
fermentation industries have asked for this type of information for 
the improvement of existing plant control, quality control, and proc- 
essing operations, as well as for the development of new processes for 
the industrial utilization of grain. 


F. SOME ADDITIONAL WORK NEEDED 


Alcohol motor fuel.—Further large-scale testing of alcohol-water 
injection by truck fleets, passenger-bus lines, farm-tractor owners, etc., 
and adequate publicizing of the results obtained with injection, are 
required before widespread adoption of alcohol-water injection can be 
assured. 

Fermentation processes.—W ork should be expanded on the conver- 
sion, for direct consumption or blending to enrich other foods and 
feeds, of cereal grains into food and feed products of acceptable flavor 
and rich in protein or nutritionally valuable amino acids and vitamins. 

Work should also be conducted on the production of new chemical 
intermediates for the manufacture of industrial chemicals, pharma- 
ceuticals, and plastics. 

Search for better food yeasts than the commonly used 7’ orulopsis 
utilis should be expanded. Because this species wastes much sugar by 
forming carbon dioxide gas, it is believed that other species that do not 
form gas may produce greater amounts of yeast from the same amount 
of carbohydrate, supplied either in the form of sugar or cereal starch. 

Films from starch.—Conversion of the laboratory method for prep- 
aration of amylose for film production to a continuous process is next 
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in order of importance. Chemical treatments to give increased 
strength, flexibility, and moisture resistance to amylose films also need 
to be: developed. ‘Finally, when the work on films is completed, the 
same type of research should be directed toward the production of 
fibers and coatings from amylose. 

Structure of grain kernels:—Work is already started on wheat along 
the same lines as for corn. Special attention should be given to the 
determination of factors affecting milling and baking quality. This 
work was urged by wheat breeders and millers. Eventually the work 
should be expanded to include studies on grain sorghum, barley, and 
rye, and valle vably oats. Advisory committees, corn wet millers, flour 
millers, and corn dry millers have recommended this work. 


INVESTIGATION oF Causes oF STALING oF Bakery Propucts 
(PMA-BAIC—RM : a-c-135—Federal—RMA Funds—Contract) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To find ways to prevent flavor deterioration and staling of bakery 
products in order to stimulate increased consumption of farm com- 
modities in the form of bakery products. The current work is par- 
ticularly concerned with evalyation of present methods of measuring 
staling, staleness, and flavor deterioration of bread. In addition, flour 
components are being studied to determine what part they play in 
the cause of flavor loss and firming of bread. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—c-135-1—Studies on the cause of staling in bakery products. 
To determine the effect of the flour constituents, namely andl gluten, 
amylodextrin fraction, and water solubles, on the staling of bakery 
products. This work is under contract and is supervised by the Bureau 
of Agricultural and Industrial Chemistry. 

Supplement No. I to Contract A—1s—-380909—Comparison of various 
methods for determining staling rate and flavor deterioration with 
organoleptic tests. To evaluate laboratory tests used for measuring 
the progress of bread staling and the degree of staleness, including 
but not limited to crumb compressibility, crumbliness of crumb, crumb 
swelling power and soluble starch (the last a component of wheat 
flour). These methods are correlated by a taste-testing panel, using 
bread of various known ages and stored under various controlled con- 
ditions. In addition, experiments are being made to determine the 
adequacy of present theories primarily concerned with the soluble 
starch component of wheat flour as a factor in staling. This contract 
is under the supervision of the Production and Marketing Admin- 
istration. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The per capita consumption of bakery products has been steadily 
declining for years, which means that large quantities of farm com- 
modities are slowly but surely losing an important market. It is be- 
lieved that flavor loss and staling of bakery products are responsible 
for much of the decrease in consumption of bakery products, There- 
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fore, efforts are being made to halt the downward consumption trend 
and also lessen the waste of bakery products in the home and bakery 
by endeavoring to determine the cause of flavor loss and staling and 
to develop met thods of preventing it. 

Old theories of bread staling are being revised in the light of new 
findings and are being tested in a commercial way under Tabor: atory 
control. This work has been contracted with a bakery trade asso- 
ciation. 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $19,300; 
1949, $18,500; 1950, $17,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


High temperatures found to retard staling—A study of the effect 
of temperature upon the staling rate of bread indicates that staling 
can be retarded by keeping the bread ata relatively high temperature ; 
lower temperatures accelerate staling. The change in staling rate is 
greatest between the temperatures of 40° F. and 90° F. It was found 
also that low temperatures were more harmful to very fresh bread 
than to bread which had been stored at room temperature for 18 hours. 
Freezing, however, was found to preserve the fresh characteristics of 
bread for prolonged periods, the state of freshness depending some- 
what upon the rate of freezing. The studies show the desirability of 
maintaining relatively high temperatures (75°-95° F.) in bread dur- 
ing the initial stage of storage. During its distribution in winter, 
bread is frequently subjected 1 to low temperatures, a practice whic h 
should be avoided. 

Thivotropy found to be possible factor in staling —Studies indicated 
that one of the factors affecting the staling of bread might be found 
in a process called thixotropy, which is the ability of a colloidal liquid 
repeatedly to jell and to revert again to the liquid state. It was 
demonstrated that wheat flour is thixotropic and that this property 
depends upon the granular starch and not upon the gluten. 

A number of materials were examined for their effects on the thixot- 
ropy of the starch granule-water system. In the cold raw state none 
of these chemicals or materials, which were selected because of their 
reported effects upon thixotropic systems in bread staling, had any 
substantial effect upon the thixotropy. 

It was demonstrated that stale bread could be refreshened by me- 
chanical agitation as well as by heating. 

Effects of insulating delivery trucks are measured.—Field studies 
indicated that insulating delivery trucks was effective in maintaining 
proper delivery temperatures during the cold winter months. During 
the summer, however, there was little indication that insulation had 
any effect on bread temperatures inside the truck. The operators 
insistence upon adequate ventilation in the cabs of the trucks caused 

rapid circulation of air through the loads, and eradicated any bene- 
ficial effects that the insulation might have had. 

Humidity found to have no important effect on staling of wrapped 
bread.—Studies involving the storage of wrapped and unwrapped 
bread at various temperatures and relative humidities showed that 
humidity has little or no effect upon the staling rate of wrapped bread. 
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provided the wrapper is an adequate barrier in preventing the loss 
or gain of moisture. Low humidities promote the drying out of un- 
wrapped bread, and humidities which are sufficiently high to prevent 
moisture loss tend to produce a soggy crust. Unwrapped bread can 
be successfully stored for only relatively short periods of time with- 
out harm to the quality of the product. The loss of moisture is apart 
from true staling but it is an important factor to consider in storing 
unwrapped bread. 

Method developed to measure rate of staling—A method of follow- 
ing the rate of staling by taste testing has been developed. The re- 
sults are plotted as percentage freshness against the age of the bread. 
Simultaneously with taste testing, the various physical and chemical 
measurements of staleness were made and the results compared. Al- 
though sufficient data for a final valid correlation of methods of 
measuring staling have not been collected, there are indications that 
compressibility, swelling power, soluble starch, and dough consistency 
correlate more closely with taste testing than do measures of firmness 
and crumbliness. 


F. SOME ADDITIONAL WORK NEEDED 


Deterioration of bread flavor and staling present problems of a 
complex nature. A few of these which require study are: 

(a) Conditions of baking (time, temperature) and absorption 
level of bread doughs. 

(6) Use of infrared and dielectric heating in flavor studies. 

(c) Study of flavor changes occurring upon aging of bread, by 
means of mass spectrographic determination of volatile constitu- 
ents released from the loaf, to identify flavor constituents and 
changes occurring in them. 

When the contributions of specific flour and dough constituents to 
staling are known, and if the staling is found to be due to additional 
factors, it will be necessary to look into the effect of starch-protein or 
starch-fat complexes. Once the cause or major causes of staling are 
known it will be necessary to study how modifications of the con- 
stituents can be carried out to prevent staling. 


Puant-Scate Researcu To Appty New Processes ror INpUSsTRIAL 
UTIizaATION OF CEREAL GRAINS 


(BAIC—RM: a-155 (Revised)—Federal—RMA Funds—Contract) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To test, evaluate, and develop, by means of plant-scale operations, 
the industrial application of new or improved processes for the utiliza- 
tion of cereal grains. Current work, a continuation of earlier con- 
tract activities initiated by the Production and Marketing Admin- 
istration, is directed to the utilization of corn in a new process for 
producing alcohol. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-155-1 (C)—Plant-scale operations employing the fungal 
amylase process for the conversion of corn into alcohol. ‘To test and 
evaluate, on a commercial plant scale, the production of alcohol from 
corn by. the use of a new starch- -converting agent, called fungal 
amylase, which, as was demonstrated in pilot- -plant work by the Bu- 
reau, reduces operating costs appreciably; and to produce byproduct 
feeds in sufficient quantities for their evaluation in anim: ul-feeding 


tests. This work is being done under contract with a private 
corporation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Bureau has facilities for investigating problems on both a 
laboratory and pilot-plant scale. In most cases development on this 
scale is satisfactory and industrial concerns are willing to adopt the 
processes for large-scale operations. Certain other processes, how- 
ever, are not so easily demonstrated on a pilot-plant scale. Such a 
process is the preparation and utilization of fungal amylase instead 
of malt for the production of alcohol from grain. Although pilot- 
plant work showed that the use of this material would lower the cost 
of production by 3 to 5 cents per wine gallon of alcohol, industry has 
been reluctant to install the process in full-scale plants because (1) 
little is known about the effect of fungal amylase on certain factors 
of quality of the alcohol and the byproduct feed, (2) more assurance 
is needed on the feasibility of conducting pure-culture fermentations 
in an alcohol plant, and (3) it must be shown that regular plant equip- 
ment can be employed or that only minor alterations are required to 
adapt a distillery for operation with the new starch-conversion agent. 
The contractual arrangements under RMA make it possible to pro- 
cure information on these points by employing an industrial concern 
to conduct full plant-scale tests on the process. 


D. FUNDS—ANNUAL EXPENDITURES 
A small amount of work was done on this project during fiscal 


year 1950 at a cost of $5,000. It will be completed in fiscal year 1951 
at an estimated additional cost of $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Although preliminary results were encouraging, final evaluation 
must await completion of the contract. 


F. SOME ADDITIONAL WORK NEEDED 


It is impossible to predict, in advance of laboratory and pilot-plant 
work, what projects will require plant-scale demonstrations. Fortu- 
mately most projects do not, but instances will surely arise in which 
worthwhile developments cannot be evaluated adequately on a pilot- 
plant scale. 
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DEVELOPMENT OF FEED AND Oruer Uses ror Bypropucts From Grain 
AND SUPPLEMENTARY MarTertats Usep ror ALcono. Propucrion 


(BAIC—RM : a-188—Federal—RMA funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To improve the nutritional value of feeds made from fermentation 
residues, by a simple secondary fermentation, with special attention 
to vitamin and amino acid composition, and to determine the relation- 
ship of the raw material processed to final composition. The current 
work is particularly concerned with (1) the selection of micro-organ- 
isms that can make B-complex vitamins and related growth factors 
essential for animal and poultry nutrition, and (2) the development of 
processes for the refermentation with such micro-organisms, of alco- 
hol-fermentation residues and other grain byproducts. Feeding tests 
with poultry are underway to evaluate the nutritional adequacy of 
experimental materials and to obtain basic information to serve as 
a guide for further improvement of byproduct feeds. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—188—-1—Microbiological procedures to increase vitamin con- 
tent and protein quality of grain byproducts and fermentation resi- 
dues. To search for bacteria, yeasts, and molds that will produce 
vitamins, especially the newly’ discovered vitamin B,,—‘animal pro- 
tein factor.” To de velop fer mentation processes with selected organ- 
isms for production of vitamins in distillers’ byproduct feeds as a means 
for enhancing their nutritive and market value. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The major utilization of grain crops in the United States has been 
for the feeding of farm animals. The feed value of these crops de- 
pends primarily upon their carbohydrate, protein, fat, mineral, and 
; itamin contents. In the past, feeders were concerned with the quan- 
tity of some of these constituents rather than their ultimate biological 
value or their balance with each other. Later, vitamins were dis- 
covered, and other experiments with animals showed differences in 
feeding values of proteins based on their amino acid composition. 
These discoveries, combined with the urgent demand for maximum 
production of livestock and livestock products, have resulted in the 
permanent establishment of a market for vitamin- and protein-rich 
feeds. 

Cereal-grain rations need to be fortified (made more nutritious) 
with vitamins A, B, and the “animal protein factor” (which meludes 
vitamin B,.) and with certain protein elements. The grain byproduct 
stillage is likewise in need of supplementation with vitamins B,,. and 
B,. The molds, yeasts, and bacteria were known to be versatile pro- 
ducers of some of the vitamins and of protein. Thus it became signifi- 
cant to search for the best micro-organism to perform a given job, and 
the growing importance of vitamin B,, indicated that its production 
should receive special attention. Hence most of the effort to date has 
been devoted to vitamin By». 
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D. FUNDS-——ANNUAL EXPENDITURES 


The annual allotment of funds for this project has been as fol- 
lows : 1948, $11,600; 1949, $22,500; 1950, $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of vitamin B,,, component of the “animal protein fac- 
tor.” —Following the discovery of vitamin B,., Bureau laboratories 
began two types of investigations to develop better microbiological 
processes for the manufacture of this substance. In one program, 
organisms were isolated from likely places in nature, and thus Bacillus 
megatherium was found to be promising and was developed. In the 
present program, about 5,000 organisms of the Bureau’s culture col- 
lection were surveyed, and promising organisms were selected. One 
of these, Flavobacterium devorans, was given special study. The use 
of both of these organisms has been covered by a Government patent 
which has been made available to interested companies. 


F. SOME ADDITIONAL WORK NEEDED 


Need to evaluate additional micro-organisms.—The synthesis of 
vitamins by micro-organisms has assumed new importance since the 
discovery of vitamin B,,.. Its production in substantial and recover- 
able amounts is apparently limited to a few micro-organisms. It is 
necessary that high-yielding strains be obtained to insure an adequate 
supply of the vitamin and its production at a fair profit. Early re- 

ft from the refermentation of distillers’ byproducts for the pro- 


su 
duction of vitamin B,, indicate the need for continued intensive 
search for organisms that produce a large amount of this and other 
B-complex vitamins, 

Need to develop methods for evaluating vitamins.—Laboratory 
methods are inadequate to evaluate some vitamin preparations in ani- 
mal and poultry nutrition. Since animal-feeding tests are costly and 
require several weeks, it is desirable that new methods be developed 
to obtain the desired information. Efforts are being made in this 
direction through the use and extended development of methods for 
separating and “charac terizing growth factors. It is expected that 
this will require the combined efforts of many research groups over 
a considerable period of time. 

Development of processes to enrich grains and byproducts with 
amino acids.—Cereal grains and byproducts are inadequate in their 

content of some essential amino acids. There is need to survey the 
micro-organisms that might produce the required amino acids in suit- 
able amounts. This work would be done in accordance with the plan 
of this project, following additional development of information on 
the synthesis of vitamins by micro-organisms. It would be highly 
desirable to obtain and use a single organism in the refermentation of 
alcohol-fermentation byproducts for the concomitant production of 
essential vitamins and amino acids. 





598 AGRICULTURAL RESEARCH AND RELATED SERVICES 


SSTABLISHMENT OF LABORATORY AND Pirvot-PuLant Faciuities to De- 
veELOP Improvep TecHNIQUES FOR Maurine Bariey AND EVALUATING 
BARLEY QUALITY FOR MALTING 


(BPISAE—RM: a-50—Federal-State—RMA Funds) 








A. PURPOSE AND NATURE OF CURRENT WORK 









To (1) establish laboratory and pilot-plant facilities so that new and 
improved techniques for maltin ag can be developed and (2) 
evaluate barley for malting aust. The laboratory has been com- 
pleted, and studies of quality of many new varieties and strains are 
under way. In addition, research is being conducted to determine 
better methods of evaluating malts and properties of malts from 
different barley varieties and from different growing conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—50-1—Develop improved methods for evaluating the quality 
of barley varieties. To conduct investigations on methods or tech- 
niques for measuring more accurately and more rapidly the charac- 
teristics ~: barley and malt which are important in defining quality. 

RM: a—50-2—Determine influence of environment and cultural 
itaetihe on the quality of barley varieties. To determine the in- 
fluence of location, fertilizers, rate and date of seeding, herbicides, time 
and method of harvesting, and previous crops and other cultural prac- 
tices upon the enzymatic - activity, composition, and other quality fac- 
tors of barley varieties. 

RM: a-50-3—Determine quality of promising or new varieties of 
barley by laboratory mashing and pilot-plant tests. To conduct tests 
to measure runoff or filtration of wort and rate and extent of con- 
version of starch, protein, and other constituents by the enzymes pres- 
ent, and to determine the composition and fermentability of the result- 
ing wort. Chemical, physical, and taste tests on the finished product 
will also be made. 

RM: a-50-4—Determine response of barley varieties to different 
malting procedures. ‘To determine the response of barley varieties 
to controlled variations or conditions during steeping, germination, 
and kilning. Since barley varieties respond differently to malting 
conditions, tests of this kind are needed to determine the most favor- 
able malting conditions for each new variety. 

RM: a-50-5—Establish relationship between malt-quality char- 
acteristics and genetic and physical factors in barley. To conduct 
studies on the inheritance of malt- -quality factors and determine the 
associations or correlations between those quality factors and other 
genetic or physical factors. 


C. HISTORY AND EVOLUTION OF THIS WORK 


As a part of the regular barley project a small amount of work on 
quality was conducted about 1906. In 1936 additional work was 
initiated which indicated clearly the value and need of studies on malt- 
ing quality. The present project is an outgrowth of this earlier work. 
The establishment of the Barley and Malt Laboratory at Madison, 
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Wis., was authorized in 1948, Construction was completed in 1949, and 
nearly all equipment was in place by July 1, 1950. This laboratory 
makes possible a more adequate study of the quality of barley varieties 
from all parts of the United States. Fundamental research work now 
in progress, and that contemplated, should lead to procedures permit- 
ting a better evaluation of malting quality. The laboratory is now 
equipped and staffed and a full program under way. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first allotment on this project was $199,000 received in 1948. In 
1949 the allotment was $63,200, and in 1950, $57,400. The 1948 funds 
were used for the construction of the laboratory. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Completion of the Barley and Malt Laboratory at Madison, Wis., 
is probably the most outstanding accomplishment of this project to 
date. This provides, for the first time, adequate facilities for care- 
fully conducted experiments to determine quality characteristics of 
barley and malt. 

Preliminary data are available on various phases of the research 
program, including methods of extracting alpha-amylase from barley 
and methods of determination of malt protein enzyme activity. 

Studies of the influence of environment on the malting quality of 
barley varieties indicate that environment plays an important role in 
determining quality. A group of varieties tends to react the same to 
any given environment. When a particular set of varieties is ranked 
for any quality characteristics at one location, they tend to maintain 
this same ranking at another location. 

The malting quality of frost-damaged barley was studied—It was 
found that frosted lots of barley were higher in nitrogen and lower in 
extract and that the amylase values were much lower than usually 
found with such high nitrogen values. Thus it can be stated that 
frost damage definitely impaired the malting quality. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation studies on barley from all parts of the United States 
should be strengthened.—Most of the work to date has been on varieties 
grown in the North Central States. More information is needed on 
the quality characteristics of the winter barley varieties, and also on 
the types grown in the Western States. 

Correlation of laboratory results with industrial needs.—As the 
work develops, more attention should be given to perfecting laboratory 
methods of evaluation so that they will check more closely with indus- 
trial needs. This is important in order that varieties recommended 
for growing will be acceptable to the needs of the trade. 

Quality tests on small samples should be perfected.—In the early 
stages of the development of new varieties, the quality of seed is 
very limited. A quick and reasonably accurate quality evaluation, 
usable on small seed lots, would permit poor types to be discarded 
early, thus allowing more careful work on acceptable strains. 
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EvALUATION AND CHARACTERIZATION OF New WHEAT VARIETIES AND 
DerveLoOrMENT OF New Testing Metruops 


(BPISAE—RM: a-313—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) investigate the grain characteristics of the many varieties 
and classes of wheat grown in the far Western States in order to deter- 
mine their value for ‘making bakery products, (2) develop techniques 
for testing, and (3) test breeding materials in order to insure that 
new varieties distributed from the cooperative breeding programs 
will be satisfactory to millers and bakers. Varieties developed to re- 
duce losses from diseases, drought, winterkilling, and other hazards 
are checked for grain quality, and only those with quality that is satis- 
factory to the trade are released. Each strain is exhausted for pro- 
tein and ash content, texture of the grain, milling behavior, capacity 
of the flour to absorb water, and quality of bread, cookies, and other 
bakery products. The strains evaluated are from the breeding pro- 
grams cooperative with the experiment stations in the far Western 
States. Fundamental research is under way to develop more satis- 
factory to the trade are released. Each strain is evaluated for pro- 
environmental factors on wheat quality, especially the protein frac- 
tion, which is of major importance in determining the quality of 
flours for making bread. Other research is being done on soft wheat 
flours to determine which fractions (protein, starch, fats, etc.) are 
responsible for the quality of cookies, cakes, and other bakery 
products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—313—1—F ractionation of soft winter wheat flours and deter- 
mination of the characteristics of each fraction that affect the quality 
of bakery products made from them. To develop methods of sepa- 
rating the starch, protein, water-soluble, and other fractions of flours 
from soft red winter varieties and determine the chemical, physical, 
enzymatic, and other characteristics of each fraction that affect the 
quality of the several kinds of cookies, cakes, and other products made 
from this type of flour, so that tests can be developed to determine 
more accurately and efficiently which strains in breeding programs 
are i actor y in grain quality. 

RM: a-313-2—The effect of temperature and other environmental 
factors mace kernel formation on quality characteristics of hard 
wheats. To determine the injurious effects of high temperatures dur- 
ing the period from heading to maturity on the quality of protein 
deposited in the growing wheat kernel as measured by the quality of 
bread baked from the flour; to determine the relative susceptibility 
of different wheat varieties to this type of injury, so that varieties less 
susceptible to it can be developed. 

RM: a-313-3—The relation of physical and chemical characteristics 
of wheats grown in the western region to the quality of bakery prod- 
ucts and the development of tests for measur ing these characteristics. 
To determine which physical and chemical characteristics of the flour 
from grain of different wheat varieties affect the quality of bakery 
products such as bread, cakes, and cookies, and to develop tests for 
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selecting strains from breeding nurseries that have satisfactory grain 
quality. 

RM: a-313-4—Characterization and evaluation of the milling and 
baking quality of the varieties and strains of wheat developed in the 
breeding programs in the western region. To determine the quality 
of new and otherwise promising strains developed in the breeding pro- 
grams in the western region in order to avoid the distribution of varie- 
ties having inferior quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in 1948 to provide for the testing of a 
large backlog of promising high-yielding and disease-resistant wheats 
developed in the breeding programs in western United States. There 
was a great demand for the release of new wheats resistant to stink- 
ing smut because shipments from this region that graded smutty had 
increased from less than 3 percent in 1942 to about 20 percent in 1948. 
The growing of one of the varieties (Rex), which had been a major 
factor in reducing the percentage of shipments g grading smutty from 
more than 40 percent in 1931 to ‘less than 3 percent in 1942, was bei ing 
discontinued—even though it was very satisfactory from the growers’ 
standpoint—because it was not satisfactory to the milling trade. 
Quality research and testing facilities in the region were badly needed 
to avoid a repetition of this misfortune. A labor ‘atory designed to 
meet this need was established at the Washington Agric ultural E xper- 
iment Station in 1948 and is jointly supported by the Washington, 
Oregon, and Idaho stations, in cooperation with other Western 
States. 

This project provided for research on the effects of environment on 
wheat quality and to determine the characteristics of the protein, 
starch, water-soluble fat, and other fractions of flour that determine 
quality in soft wheat. For many years it has been known that the 
quality of wheat from the same area and of the same variety would 

vary greatly from year to year. Limited data from other research in- 
dicated that high temperature during the period from heading to 
maturity of the crop might be an important factor. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The allotment for this project in 1949 was $59,700 and in 1950 was 
$50,700. 


E. EXAMPLES OF OUTSTANDINi# ACCOMPLISHMENTS 


Release of new improved varieties—As a result of research and 
testing under this project, many poor-quality but otherwise promis- 
ing strains developed in the cooperative breeding programs in the 
several States have been discarded, and the best of those satisfactory 
in quality and other characteristics have been more adequately tested. 
Two new smut-resistant varieties of outstanding promise, Elmar and 
Brevor, were released to growers in Washington, Oregon, and Idaho 
in the fall of 1949 with the full approval of the milling trade. 
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Effects of high temperatures during kernel formation on quality.— 
It has been shown that temperatures much above 90° F. during the 
month preceding harvest definitely lower the bread-making proper- 
ties of wheat and that some varieties are more easily injured than 
others. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is urgently needed to determine the specilic 
chemical, physical, and other properties of the grain of soft wheat 
varieties that determine the quality of each of the many products 
made from soft wheat, and to develop simple, effective tests for 
measuring these properties. 


Cross RererENcEsS— UTILIZATION 
For additional information especially pertinent to subjects re- 


ported on in this chapter, see also: 


BAI—RM: b-332, Chapter 1, wheat pasture poisoning. 

BAI—RM: a—560, Chapter 1, feeding wheat to livestock. 
BAIC—RRL-5-3, Chapter 38, utilization of grain residues. 
BAIC—SRF-2-10, Chapter 38, allergens from corn. 

BAIC—RRL--H4, Chapter 14, buckwheat meal for rutin manufacture. 
BDI—a-2-6, Chapter 2, dairy cattle feeding problems. 


C. MARKETING 


Price, Surety, AND Consumprion ANALYsis FoR Farm Propvucts 
(Foop Grains) 


(BAE—A-—2-7—Federal—Regular Funds) 


(A general summary statement for this project and related work 
is in Chapter 27, Prices and Income.) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
food grains (wheat, rye, rice, and the products of these grains), and 
(2) make the results available to farmers, Government agencies, and 
the general public through regular publications and on special request. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-5—Analysis of current situation and outlook for food grains. 
To appraise the current and prospective economic position of food 
grains (wheat, rye, rice, and their products) ; to carry on statistical 
and analytical work necessary thereto, and to make the results avail- 
able through regular publications and on special request. The Wheat 
Situation is prepared and issued under this line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this topic under project A-2-7 in Chapter 27, Prices and In- 
come. ) 
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D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for the work on food grains during the 1950 fiscal year 
(all on regular budget) amounted to about $14,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Much of the outlook and price-analysis work on agricultural com- 
modities as a whole stemmed from pioneer research on wheat. Among 
the early comprehensive studies were Wheat Production and Market- 
ing in the Agricultural Yearbook for 1922; and The World Wheat 
Outlook, 1930 and Facts that Farmers Should Consider, Miscellaneous 
Publication 95, August 1930. Several price analyses relating to wheat 
and rice have been developed ever an extended period. A major study, 
Factors Affecting the Price of Rice, was Teta’ as Technical Bulle- 
tin 297 in April 1982. Most of the results arising from recent work 
in this field have appeared from time to time in The Wheat Situation. 
The Location of Surplus Wheat Supplies for Export, which was pre- 
pared at the request of the Office of Defense Transportation for the 
purpose of locating supplies which could be exported without unduly 
restricting local supplies for domestic consumption, appeared in The 
Wheat Situation for November 1945, and a summary of the Interna- 
tional Wheat Agreement appeared in the issue of March-April 1949. 
Basic statistics and related analyses were provided in connection with 
the development of this agreement and similar work was done in con- 


nection with the International Wheat Conference held in London im 
1939. 


F. SOME ADDITIONAL WORK NEEDED 


Research relating to the demand, supplies, and price of wheat and 
rice needs to be strengthened. It is particularly important that the 
postwar international structure of price and supplies of these com- 
modities be analyzed with the aim of evaluating their influence on the 
future position of wheat and rice growers in the United States. 


Determining the limits to the domestic consumption of wheat flour, 
which has been declining for a considerable number of years, should 
have further analytic work. 


INVESTIGATIONS OF INsEcTS ATTACKING STORED GRAINS AND GRAIN 
Propucts 


(BEPQ— I-e-6—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to find and improve methods of prevent- 
ing or controlling the infestation of grains and milled cereals by insects 
which attack them while in storage, manufacture, or transit. Stored 
grains are attacked by about 50 common species of insects which cause 
tremendous losses in the United States. Many of these insects also in- 
fest milled cereals during manufacture, transit, and storage, causing 
additional losses and expenses for control which, although never 
closely estimated, certainly amount to many millions of dollars an- 
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nually. The nature of current work is to (1) study the habits and 
importance of the different species, and (2) carry out basic work for 
the development and improvement of control methods for preventing 
or reducing these losses, such as (a) better sanitation, (b) fumigation, 
(c) use of residual sprays and dusts, and (d) the development of insect- 
proof packages. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-6-1—Laboratory tests of fumigants. Tests to obtain data, 
under controlled laboratory conditions, on the efficiency of new chemi- 
‘als and new combinations of chemicals already known to be useful 
as fumigants, that are basic to the improvement of fumigation for 
eliminating or suppressing insects attacking stored grains and cereals. 

I-e-6-2—Farm-bin fumigation. Tests of new fumigants and new 
combinations of those already known, to determine their suitability 
for use on grains in farm-bin storage and dosages required for effec- 
tive insect control. 

I-e-6-3—F reight-car fumigation. Tests of new fumigants and 
new combinations of those already known on grain and milled cereals 
in freight cars, to determine their suitability for such use and the 
dosages required for effective insect control. 

I-e-6-4— Elevator, warehouse, and mill fumigation. Tests of new 
fumigants and new combinations of fumigants already known, to de- 
termine their suitability for general fumigation of grain elevators, 
warehouses, and mills, the best methods of making such places tight 
enough to hold fumigants, and the dosages required for effective insect 
control. 

I-e-6—5— Insecticidal sprays. Laboratory tests to find promising 
sprays for use in depositing insecticidal residues on the interiors of 
grain bins, elevators, warehouses, freight cars, and mills to kill the 
insects that are harbored therein and that emerge therefrom to infest 
stored grain and milled cereals stored in or passing through such 
places. 

I-e-6—6— Insecticidal dusts. Laboratory tests to find insecticidal 
dusts that can be mixed safely with grains or seed stocks to protect 
them from insect attack while in storage. 

I-e-6-7—F ood, moisture, and temperature requirements of stored- 
grain insects. Laboratory experiments to determine the food, mois- 
ture, and temperature requirements of stored-grain and milled-cereal 
insect pests, as a basis for controlling them by cleaning, cooling, heat- 
ing, or lowering the moisture content of these products. 

J-e-6-8—Protective storage containers. Laboratory experiments 
to develop effective and practical treatments for application of insec- 
ticides or insect repellents to various types of containers for grains 
and milled cereals, and to determine the effectiveness of various types 
of packaging materials, wrappings, and insecticidal adhesives in pre- 
venting penetration of containers by insects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In recognition of the enormous losses caused by the insect pests of 
stored products and in response to urgent demands for better methods 
of controlling them the Department in 1904 included investigations 
of these insects. Studies on the identity, habits, prevalence, impor- 
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tance, and control of the insect pests of stored grains and milled cereals 
have been continued to date. These studies have resulted in the accu- 
mulation and publication of extensive and detailed information on this 
group of insects and practical measures for their control on the farm 
and in elevators, warehouses, and mills, by means of better sanitation, 
better fumigants and methods of applying them, better construction 
of storage and milling facilities, the conditioning of products through 
heating, cooling, and drying, and the use of insecticidal sprays and 
dusts. With the pressure now being put on manufacturers to produce 
sanitary products that will meet Federal sanitary requirements, there 
is increased interest in and need for practical methods of preventing 
insect contamination of grains and milled cereals. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures during fiscal years 1904 to 1919 were $3,000 to 
$9,000. During the period 1920 to 1949 they gradually increased 
with fluctuations, the minimum being about $18,000 in 1923 and the 
maximum about $31,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Detailed biological information forms basis for control develop- 
ments.—Such information obtained on habits of stored-grain and 
milled-cereal insect pests forms the foundation of every measure now 
known to control these insects and is absolutely essential to the dis- 
covery and intelligent application of practical control measures. 

Noninflammable grain fumigants devised—Carbon disulfide and 
ethylene dichloride are excellent fumigants for stored grain but very 
hazardous to use because of their extreme inflammability. It was 
shown that they can be safely used if mixed in proper proportions 
with noninflammable carbon tetrachloride. These new fumigating 
mixtures have now mostly replaced carbon disulfide for farm grain 
fumigation. Millions of gallons of them are used annually. 

New fumigants discovered.—Several chemicals, including ethylene 
dichloride, ethylene oxide, ethylene dibromide, and certain nitriles, 
were shown to be excellent grain fumigants. They are used widely 
now in mixtures with other chemicals for various purposes. 

Practical dosages and methods of applying fumigants developed.— 
Dosage schedules for effective fumigation of farm bins, warehouses, 
elevators, mills, and individual units of flour-milling machinery, meth- 
ods of sealing these facilities tight enough for successful fumigation, 
and methods of applying fumigants have been worked out and pub- 
lished. Farmers, food distributors, grain facilities, and food agencies 
all over the world now use this informtion. 

Usefulness of insecticidal sprays established in grain-storage and 
processing facilities—Residues of DDT and other insecticides sprayed 
on the interiors of empty grain bins, warehouses, elevators, mills, and 
freight cars were shown to be very effective in killing the large num- 
bers of stored-grain insects that hide and breed in cracks and burrows 
in woodwork, ete., from which they emerge to infest incoming grain 
and cereal products. ‘These sprays are now in general use. 

I nobetiotel dusts found to protect seed stocks —It was shown that 
when certain chemical dusts are mixed with seed stocks they are pro- 
tected from insect infestation indefinitely without injury to germi- 
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nation and growth of seedlings. This method has been very useful 
to seedsmen, such as producers of hybrid corn seed and others who 
store large or small quantities of seed. 

Successful procedure worked out for year-round protection of stored 
grains.—I\t was shown that by thorough cleaning and spraying of 
empty bins, prompt fumigation of newly harvested and stored grain— 
together with the chilling effect of winter weather—and refumigation 
annually in August or September, grain can be kept free from infesta- 
tion indefinitely. Increasing use is being made of this procedure. 


F. SOME ADDITIONAL WORK NEEDED 


Protective dusts for food and feed grains.—Current work indicates 
a good possibility of finding an insecticidal dust that can be safely 
mixed with food and feed grains as well as seeds to protect them from 
insect infestation. If such a method can be perfected, and conven- 
iently applied at reasonable cost, it would simplify the protection of 
grain from insects and be a means of greatly reducing the enormous 
annual losses they cause. 

New fumigants should be evaluated.—New chemicals that may be 
better or cheaper fumigants than those now in use are frequently 
appearing. Their usefulness needs to be determined. 

New insecticides need testing —With the continual discovery of new 
and more efficient insecticides, their value and safety as residual sprays 
and for use in protective dusts for admixture with stored grains should 
be ascertained. 

Mechanical and physical methods of insect control needed.—The 
adaptability of drying equipment and high-frequency electric and 


sound-wave apparatus to the control of insect infestations in grains 
and milled cereals should be further investigated. 

Additional information is needed on identity, habits, and impor- 
tance of stored-grain and milled-cereal insects, to detect new pests of 
these products and provide a basis for the development of better con- 
trol methods. 


PrevVENTION OF Insect DaMaAGE To Storep-Grarn Cerra, Propvuctrs 
AND Sgep Stocks 


(BEPQ—RM: c-156—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop, test, and observe the com- 
mercial-scale applicability and efficiency of various procedures for 
controlling or preventing insect infestation of stored grains, seed 
stocks, cereal products, and dry beans and peas, and to work out an 
over-all system of protecting these products from insects during their 
progress from producer to consumer. Since annual losses of grains and 
milled cereals amount to somewhere between $600,000,000 and $1,000,- 
000,000 and current laws require that food products offered for sale 
be free from insect contamination, there is urgent need for this work. 
The nature of the current work consists of tests of individual and com- 
bined methods for stored-grain insect control on a commercial scale 
in farm bins, freight cars, commercial storage facilities, processing 
plants, and mills. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: C-156-1—Protective commercial packages. Tests of packages 
made of different materials, fabricated in different ways, or treated 
with insecticides or insect repellents, to determine their efficiency in 
excluding insect pests under commercial storage conditions. 

RM: c-156-2—Commercial-scale trials of residual sprays. To de- 
termine their efficiency in killing the insects that hide and breed in 
cracks, burrows, and so forth, in grain bins, elevators, warehouses, 
mills, and freight cars, and emerge in large numbers from such places 
to infest stored grains and milled cereals. 

RM: c-156-3—Development of practical methods for the protec- 
tion of stored corn from insects. Studies are conducted in the labora- 
tory, on farms, and in corn mills in the South, where insect damage of 
corn and corn products is particularly severe, to work out practical 
methods for the control or prevention of infestation. 

RM: c-156-4—Commercial-scale trials of insecticidal dusts and 
other methods of protecting seed stocks from insects. The purpose of 
this project is to determine the efficiency of dust treatments already 
worked out in the laboratory when applied on a large scale under com- 
mercial storage conditions, and to determine the practicability and 
effectiveness of other methods, such as sanitation, fumigation, and the 
use of residual sprays, for the protection of commercial seed stocks 
from insect damage. 

RM: c~156-5—-Development of practical insect-control schedules 
and systems. Studies to work out the procedures necessary for the 
prevention or control of insect infestation of grains and milled cereals 
during their entire progress from producer to consumer. 

RM: c—156-6—Methods of preventing or controlling insect infes- 
tation of dry beans and peas. Studies in the laboratory, in the fields 
where these crops are produced, and in processing plants and ware- 
houses to work out methods such as spraying, sanitation, fumigation, 
and use of protective packages or dusts for the prevention or control 
of insect infestation of these products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


When the RMA Advisory Committees on Grains, Feeds, and Dry 
Beans and Peas first began to function they immediately recognized 
the urgent need for more work directed toward the prevention of the 
enormous losses of stored grains, milled cereals, and dry beans and 
peas caused by insects. With their hearty support, work was begun in 
1948 along the lines already indicated and has been continued to date. 
The studies are being conducted from field stations. Those conducted 
from Manhattan, Kans., pertain to the insect pests of stored wheat, 
corn, seed stocks, and cereal products; those conducted from ‘Tifton, 
Ga., deal with the insects attacking stored corn and corn products; 
and those in progress at Modesto, Calif., are concerned with dry 
bean and pea insect problems. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures have been as follows: Fiscal year 1948, $30,000; 1949, 
$63,500; 1950, $68,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Insectproof packages developed.—A method devised for the treat- 
ment with an insecticide of the warp thread of cotton cloth from which 
flour bags are made protected flour stored. in the bags from insect 
infestation for many months. Insecticidal treatment of bags made of 
the closer woven grades of burlap also protected grain stored in them 
from infestation. With further improvement this treatment promises 
to be of great commercial value for protection of a variety of products 
from insects. Much information has also been obtained on the pro- 
tection afforded by different types of packaging materials, wrappings, 
closures and insecticidal adhesives, some of which give good though 
not perfect protection. 

A staining method of detecting the presence of hidden weevil infes- 
tation devised.—Weevil infestation hidden inside of grain kernels is 
a major source of insect contamination in milled cereals made from 
infested grain. Such infestation cannot be detected by ordinary visual 
inspection and cannot be removed by any known milling process. By 
the use of this staining method on samples of grain this hidden infes- 
tation can be detected. General use is being made of this method by 
millers and others to avoid the purchase of infested grain and.to divert 
such grain to other uses than the production of milled cereals for 
human consumption. 

Insect control procedures in mills shown effective and practical._— 
It has been determined that insect infestations in flour mills can be 
held in check by a control program including mechanical destruction 
of insects in the incoming grain by running it through a high-speed 
centrifugal machine, mechanically treating or avoiding the use of 
low-grade flours purchased from other mille for blending purposes, 
frequent vacuum cleaning and spot fumigation of milling machinery, 
and use of residual sprays. 

Year-round protection of farm-stored wheat shown practical._— 
Trials have proven that farm-stored wheat can be protected indefinite- 
ly from serious insect damage by thoroughly cleaning of empty bins 
and adjacent premises and treating them with a residual spray falas 
filling, by fumigation of the grain within 6 weeks after storage, and by 
refumigation annually in August. 

Residual sprays found efficient for treatment of freight cars.— 
Cereal products pick up infestation when shipped in boxcars pre- 
viously infested while in use for shipping wheat. Nearly complete 
protection of flour in such cars was obtained by treating their interiors 
with any of several insecticidal sprays before loading. 

Effective dosages of fumigants determined.—Dosages required of 
each of several different fumigants for complete control of insect in- 
festations have been determined by trials on grains stored in farm 
bins, in wheat elevator bins, and on bagged beans and peas under gas- 
tight tarpaulins. 

Requirements for protection of farm-stored corn in the South indi- 
cated.—Studies have indicated that effective solution of this problem 
will require a combination of several control measures: (1) Clean-up 
of infested old grain and feed supplies that serve as sources of insects 
attacking the new crop, (2) use of dusts or sprays in the fields to pre- 
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vent infestation of ears prior to harvest, (3) use of early trap crops to 
catch weevils flying to fields, (4) development of weevil-resistant 
varieties of corn, (5) treatment of corn with an insecticidal dust at 
time of storage, and (6) better storage facilities to permit more effec- 
tive use of fumigants, dusts, and sprays. 

Insecticidal dusts mixed with stored corn or wheat found partially 
effective—Tests in farm bins showed that certain insecticidal dusts 
that are nontoxic to man and domestic animals at the dosages applied 
to corn and wheat at time of storage were beneficial but not completely 
effective in preventing or controlling infestation of these grains by 
insects. 


F. SOME ADDITIONAL WORK NEEDED 


Protective packages need perfecting.—Al\though much progress has 
been made, further work will be required to perfect a commercially 
usable method of treating bag textiles with insecticides or repellents to 
make them insectproof. The promising results to date and the great 
potential value of this method warrants further efforts to perfect it. 

Usefulness of residual sprays needs further investigation.—The use 
of residual sprays offers the most promise of any method for the 
elimination of insects persisting and breeding in protected places 
in farm bins, freight cars, warehouses, elevators, and mills. The use- 
fulness for this purpose, under the varied conditions encountered, of 
insecticides already available and of new insecticides that are con- 
tinually appearing needs further investigation. 

Methods of protecting surplus grains in flat storage need further 
investigation.—Current storage of surplus corn and wheat in very 


large bins of the quonset-hut type has raised problems in protecting 
grain in such storage from damage by insects. Preliminary investiga- 
tions, conducted in cooperation with another department agency, 
indicate protection of this grain to be practicable, but further work 
is needed to develop the best and cheapest methods of doing this. 
Better methods needed for protecting farm-stored corn in the 
South.—Insect damage to farm-stored corn is bo aptana severe in 


the warm climate and primitive storage facilities prevalent in the 
South. More readily practicable methods of preventing this damage 
than those already known are urgently needed in that region. 

The usefulness in corn mills of the insect-control measures found 
effective in wheat-flour mills should be determined.—Preliminary in- 
vestigations have shown the general prevalence of insects in corn mills 
and insect contamination in corn meal and flour. They also have indi- 
cated that the methods of control found effective in wheat-flour mills 
probably can be applied to corn mills. Corn millers are much con- 
cerned over their insect problems and have urgently demanded that 
they be given attention. 

Methods of controlling insects attacking dry beans and peas 
needed.—Preliminary studies of the insect problems in dry bean and 
pea processing plants and warehouses have shown their importance, 
and there are good possibilities that practical and effective control 
measures can be developed or improved. Much additional study and 
testing will be necessary, however, to ascertain the best procedures. 
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DeveLor Improven Metnops, EQuIrPpMENT, AND STRUCTURES FOR THE 
DryInG oR CONDITIONING OF GRAIN, SEEDS, AND Freeps To Provipg 
ror THEIR Sarge SroraGe AND More Erricient MARKETING 


(BPISAE-BAI-OBS-PMA-FCA—RM : c-415—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Work under this project is of such a broad nature as to involve partic- 
er by five Department bureaus and agencies as well as by several 
State experiment stations and nongovernmental research agencies. It 
is intended to develop the engineering, biological, horticultural, eco- 
nomic, marketing, and other information necessary for the proper con- 
ditioning, storage, and marketing of the grain, seed, and feed crops 
neers in the United States. Currently active work includes: 

evelopment of equipment for conditioning grain and feed crops on 
the farm; improvement of design of mass-produced bins so as to 
eliminate past difficulties with erection, weathertightness, anchorage, 
and other structural features; study of effects of production, condi- 
tioning, and storage procedures on seed germination; study of funda- 
mthtel oooh characteristics of rough rice, and development of im- 
proved conditioning equipment and storage structures for it; study of 
effects of different conditioning procedures on nutritional value of 
grains and feeds; and study of the economic considerations involved 
in location and amounts of cash-grain storage. 

Although it may appear that this project duplicates or overlaps with 
work of a similar nature financed from other funds, the field in which 
information is needed is so broad that this is not the case. In general, 
this project supplements the other projects and in many instances 
builds on their findings, but there is no duplication of work. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-415-1—Corn-drier development. To develop, through ac- 
tual field trials, a practical and economical drier for farm use; to de- 
termine the most efficient and practical methods of uniformly distri- 
buting the drying air through the corn in the various types of cribs; 
and to determine the optimum ranges of air temperature and rates of 
air flow for economy of drying and maintaining corn quality. 

RM: c-415-2—Mass-produced grain bins. To develop improved 
designs for mass-produced prefabricated grain bins that will: (1) 
Eliminate the structural features proven faulty or weak in the types 
of bins now in common use; (2) permit easy and economical site erec- 
tion and dismantling and ready portability with farm labor and 
equipment; (3) provide for convenient and economical handling of 
the grain; and (4) incorporate features to provide for successful 
use with mechanical driers as a routine operation. 

RM: c-415-3—Germination and longevity of lupine seed in storage 
as affected by maturity, methods of processing, and environmental 
factors. To determine the effect of temperature, relative humidity, 
seed moisture, and methods of harvesting on the viability of lupine 
seed in storage. 

RM: c-415-5—F actors influencing conditioning and storage of 
rough rice. ‘To determine, for the important varieties of rice under 
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the conditions of production and marketing in the producing areas of 
Texas, Louisiana, and Arkansas, the fundamental factors influencing 
conditioning and storing of rough rice and to evaluate their effects on 
design of structures and equipment and on quality of rice. 

RM: c-415-6—Equipment for conditioning combined rice for stor- 
age. To develop: (1) More satisfactory methods for conditioning 
combined rice for storage under the conditions of production and 
marketing in the producing areas of Arkansas, Louisiana, and Texas; 
and (2) designs for improved types of equipment. 

RM: c-415-7—Structures and equipment for storage of rough rice. 
To find what types of storage structures will best preserve and improve 
the quality of stored rough rice and to determine the maximum mois- 
ture contents of the various varieties of rice for safe storage in struc- 
tures of various designs. 

RM: c-415-8—Germination and longevity of seed of snap beans 
affected by field conditions, harvesting, processing, and storage. To 
determine: (1) The effects of the various steps in harvesting and 

rocessing on seed germination; (2) the relation of field and process- 
ing injury, temperature, and seed moisture on loss of viability of seed 
in storage. In addition to studies of injuries in regular harvesting 
and processing operations,-a more fundamental study is being made 
of measured shocks to the seed to determine the reasons for the great 
losses that occur. 

RM: c-415-9—The effect of drying unripe grains by different pro- 
cedures on decreases in nutritional value of the nutrients. To dry 
unripe corn and other grains at different temperatures and with differ- 
ent equipment developed by engineers and to carry out feeding trials 
and laboratory analyses to measure effects in order to determine best 
methods of drying grains. 

RM: c-415-10—Dielectric treatment of rough rice. To investigate 
the possibility of using radio-frequency (dielectric) heating for dry- 
ing and conditioning rice successfully and to compare this type of 
heating with other methods from the standpoint of end results and 
costs for operation. 

RM: c-415-11—Conditioning and storage of sorghum grains. To 
obtain basic data on the drying characteristics of sorghum grain for 
use in engineering design of conditioning equipment and storage 
structures. To develop methods, equipment, and structures suitable 
for economically conditioning, handling, storing, and feeling sorghum 
grain on the farm. 

RM: c-415-12—To study the economic feasibility of farm storage 
of grain in Washington. To (1) determine extent of and costs of 
farm grain storage now in use, (2) compare costs of farm storage 
with those of commercial storage, both locally and at terminals, and 
(3) survey attitudes of grain producers in regard to farm storage. 

: c-415-16—Developing improved methods for storage and con- 
ditioning of CCC-owned and controlled grain. To develop the most 
efficient and economical means of storing and conditioning grain 
owned or controlled by the CCC under price-support programs. (The 
expenditures and accomplishments on this line project are reported 
under Project for Developing Improved Methods for Storage and 
ae oe of CCC-Owned and Controlled Grain, by Grain Branch, 

MA.) 





612 AGRICULTURAL RESEARCH AND RELATED SERVICES 


RM: c-415-(No line project number assigned)—Economic con- 
siderations for the location and amounts of cash-grain storage for use 
by farmers. To develop information that will help farmers and others 
to plan future investments in permanent cash-grain storage facilities 
and equipment. Emphasis is being placed on (1) where, on or off 
the farm that has occurred since the war. During the course of work 
constructed if and when needed, and (2) the factors that should be 
considered when deciding how much permanent space is needed for 
specific environmental conditions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The large surpluses of grains that developed after the close of 
World War II pointed up the urgent need for more information on 
conditioning and storage practices sand structures and equipment that 
would maintain the quality of grain in storage until it could be mar- 
keted in an orderly fashion at a fair price. The first allotment of 
RMA funds, in 1948, was for work on developing practical equipment 
for conditioning corn on the farm. This was followed shortly by 
additional RMA allotments to study other phases of the over-all grain 
storage problem. The present RMA project, RM: c-415, established 
in 1949, is the outgrowth of a cailatce of several of these early 
projects in the general field of conditioning, storing, and marketing 
grain and feed crops. Several of the early line projects were surveys 
of availability a adequacy of storage facilities which have been 
completed and the results made available for use in Department pro- 
grams. When the CCC was faced with the problem of how best to 
store approximately 500,000,000 bushels of shelled corn acquired under 
the loan program, personnel of this project furnished technical advice 
and consultation and engineering review and approval of designs in 
connection with procurement of storage structures and conditioning 
equipment. Since this eee has been in progress only 3 years, there 
has been little need for shifts in emphasis aside from the above. How- 
ever, the present world situation Ses vasts a need for continuing em- 
phasis on problems involving storage and marketing of the grains 
essential to a defense economy. 


D. FUNDS--ANNUAL EXPENDITURES 


Annual allotments for the work described in this report (except 


line project RM: c-415-16) during fiseal years 1948, 1949 and 1950 
were: 


1948 1949 1950 
BPISAB____._-_ $73, 425| BPISAE_____-_. $90, 386} BPISAB_ ___._- $111, 850 
> R 8, 896 ® 12, 000 
11, 676 10, 000 
23, 293 - 2, 500 


Total__ , 92% Total_.___ 134, 251 | Total_.___ 136, 350 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Corn drying —This project may be credited with stimulating the 
widespread increase in mechanical drying of corn and other crops on 
the farm that has occurred since the war. During the course of work 
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on this project more than one hundred thousand bushels of moist corn, 
in different areas of the Corn Belt, were dried experimentally with a 
variety of types of equipment on a combination research-demonstra- 
tion basis. By this method the research workers obtained the desired 
technical data and at the same time demonstrated the feasibility and 
advantages of farm drying. to many farmers. Suggested specifica- 
tions for practical drying equipment and recommendations for con- 
necting the equipment to the crib or bin and distributing the drying 
air uniformly through the stored grain, and the ideal temperatures 
and rates of air flow for economy oF drying and preservation of grain 
quality, as determined from the experimental drying, were first pub- 
lished in mimeograph form—later as Circular 839, Mechanical Drying 
of Corn on the Farm—and widely distributed among farmers and 
equipment manufacturers. Farmers are definitely interested in the 
possibilities of harvesting, drying, and storing shelled corn instead 
of ear corn. This interest is evidenced by many visits and inquiries 
received and by reports from representatives of implement manu- 
facturers that farmers are asking for field picker-shellers and driers 
to handle shelled corn. The recent developments in methods and 
equipment for conditioning shelled corn on the farm offer opportunity 
for considerable saving to_ farmers by drying and storing in the 
shelled form. 

Bulletins on corn and grain storage and plans for farm-grain 
storage buildings.—During the early spring of 1949 when it became 
apparent that unusually large amounts of grain would require storage 
on farms, Farmers’ Bulletin 2009, Storage of Small Grains and Shelled 
Corn on the Farm, and Farmers’ Bulletin 2010, Storage of Ear Corn 
on the Farm, were prepared. These bulletins are supplemented by a 
group of 30 standard plans for grain-storage structures, ranging in 
size from 300 bushels to 10,000 bushels, prepared to guide farmers in 
constructing suitable storages. These plans provided a choice of con- 
struction materials and incorporate special features, such as provision 
for mechanical drying and conversion to other uses when not needed 
for storage. They were included in the Midwest Plan Service and 
given wide distribution and publicity by the PMA, Extension Service, 
State colleges, materials manufacturers and dealers, and press and 
radio, 

Anchorage of metal bins.—The conventional methods of anchoring 
metal bins by means of posts and tie wires have not been successful in 
preventing uplift and overturning by high winds when empty. A 
metal foundation ring, which provides secure anchorage against any 
normal wind, has been developed and service-tested on thousands of 
bins throughout the Corn Belt. In addition to the secure anchorage, 
this method also eliminates the likelihood of water leakage into the 
bin at floor level and it speeds up bin erection. 

Lupine seed storage—Studies of lupine seed entering storage indi- 
cate that sound seed containing about 13 percent moisture, or less, do 
not drop appreciably in viability after 2 years of ordinary storage. 
The results stress the need of more exacting studies.of seed moisture 
as affected by temperature, rate of drying, and methods of handling 
seed. 

Drying combined rice.—To meet an urgent need of the rice industry, 
as voiced through the Rice Advisory Committee, all information avail- 
able in the spring of 1948 on the factors involved in drying rice was 
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summarized and published in pamphlet form for distribution to the 
industry. This information also served as a guide for developing the 
research program on rice conditioning and storage. 

Basie drying characteristics of rice.—Basic data on the effects of a 
wide range of temperatures, humidities, and velocities of drying air 
upon drying rates and milling quality of four popular varieties of rice 
have been obtained in the laboratory and are in the process of analysis 
for practical application to improve rice-drying operations. 

Snap bean seed—Improper harvesting and processing has been 
found to cause breakage of seeds, resulting in extreme losses (some- 
times over 20 percent of harvest). After processing, seed may carry 
hidden injuries that result in markedly reduced germination or in- 
jured seedlings that are counted as germinated. Samples with an 
excess of seed injury deteriorated especially rapidly under conditions 
of high temperature and moisture. Seed of the newer varieties that 
have high eating quality is injured more in harvesting and processin 
than seed of the older, fibrous podded varieties, and requires meeviat 
care in handling. Results reported to cooperating producers have 
brought about improvements in threshing practices in processing 
equipment. A report of the study of processing on seed quality has 
been submitted for publication. 

Feeding value of dried unripe corn —Feeding tests show that ma- 
chinery and methods developed for drying unripe corn within the 
temperature range 95°-135° F. are practical and effective. Corn so 
dried retains its nutritive values sufficiently well so that when used 
in ordinary mixed diets of livestock no apparent deterioration is 
detectable. 

Basic drying characteristics of grain sorghum.—Basic data on the 
effects of a wide range of temperatures, humidities, and velocities of 
drying air upon drying rates of sorghum grains at different initial 
moisture contents have been obtained in the laboratory and are in 
process of analysis for practical application to improve grain-sorghum 
drying equipment and practices, 

arm grain-storage facilities in Washington.—A field study in the 
State of Washington on the extent of farm storage and the existence 
of farm-storage facilities and the factors affecting their construction 
and use indicated that the Government loan program is of great sig- 
nificance in promoting construction of farm-storage facilities. Forty- 
two percent of the farmers in the cash-wheat sample area had storage 
facilities amounting to a 10,000,000-bushel capacity that were used to 
about 51 percent of capacity for the 1948 crop. Seventy percent of the 
storage owners thought their facilities would meet CCC requirements 
for a loan. 

Procurement of CCC corn storage—Since the fall of 1949 the CCC 
has procured storage structures for shelled corn aggregating approxi- 
mately 500,000,000 bushels in capacity and located at over 1,000 sites 
throughout the country. Design of these structures is based on func- 
tional and structural requirement recommendations developed by 
agricultural engineers working under this and other grain-storage 
projects. Technical advice and consulting services furnished by these 
engineers in connection with the procurement was instrumental in 
effecting the low average erected cost of approximately 25 cents per 
bushel of capacity. These same engineers are now serving as tech- 
nical consultants on PMA committees effecting procurement contract 
settlements in cases where storage structures have failed to meet 
requirements, 
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Farm versus off-farm cash-grain storage costs in Oklahoma and 
North Dakota—Field study shows that storage costs to the Okla- 
homa farmer of combine-harvested cash grain average less at country 
and terminal elevators than on the farm, even when cost of owning 
the farm storage building and equipment was not counted. In other 
words, the average cash-grain producer could not afford to use good 
farm bins already available to him on his farm, if elevator storage 
was available. As the period of storage decreases from the full 
storage year the advantage of elevator over farm storage increases. 

In North Dakota both farm and off-farm storage costs to the cash- 
grain producer were less than in Oklahoma and the advantage of ele- 
vator storage over farm storage was also less. Under average condi- 
tions a North Dakota farmer can afford to use good farm facilities he 
now owns at a time when elevator storage is available. If expenses 
of owning a farm bin are not included as farm storage costs, farm 
storage is cheaper than a full year’s elevator storage. But under 
average conditions it would pay to use elevator storage if available 
rather than to provide new or additional farm storage for cash grain. 
If elevator storage is not available the cost of farm storage may be 
saved in 1 year by being able to store rather than being forced to 
sell at harvest prices. Ti his study considers the storage of grain to 
be fed or used for seed entirely a farm problem. 

Survey of grain-storage facilities in North Carolina, 1948.—A sur- 
vey sponsored by the North Carolina State USDA Council obtained 
the following significant facts on the quantity and condition of grain 
storages in the State of North Carolina in 1948: Reports from over 
8,000 farmers indicated that 63.5 million bushels of corncrib capacity 
and 17.1 million bushels of granary or small-grain storage capacity 
were available on farms. In addition to this space, a total of 34.7 
million bushels of other storage capacity, consisting of old dwellings, 
barns, tobacco pack houses, and other farm structures are used as 
temporary storage. Because of poor design or construction, only 7 
percent of the total capacity of on-farm corncribs and 10 percent of 
the small-grain storages would meet the most rigid rodent-proof re- 
quirements and thus qualify for Government loan purposes. 

The off-farm grain-storage survey showed that 230 plants, with a 
total 1947 capacity of 4,824,000 bushels (including grist mills) store or 
handle grain crops in North Carolina. Of this amount, 71 percerit 
was bulk storage and 29 percent sack capacity. Elevators accounted 
for 38 percent, warehouses 21 percent, flour mills 17 percent, and the 
remainder was distributed among other types. Wood construction 
accounted for 40 percent of the total capacity and concrete 28 percent. 
The majority of the plants were built within the last 10 years. 

Mechanical facilities for turning grain were available in 97 of the 
off-farm storage plants, with a total storage capacity of 3,590,900 
bushels. A total of 155 plants, providing 85 percent of the total off- 
farm capacity, reported available facilities for cleaning. Only 13 
plants, 6 percent of the total capacity, reported facilities for drying. 
Most of the larger plants have facilities for determining moisture con- 
tent ; 34 plants reporting accounted for 47 percent of the total capacity. 

Survey of rice-storage and drying facilities in Louisiana, 1949.— 
The recent shift to combine harvesting of rough rice has caused a 
rapid change in the character of storage facilities needed in Louisiana, 
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A survey in 1949 showed that although the total storage capacity 
is sufficient to handle the crop, about two-thirds of that capacity is 
designed for sack storage whereas the present need is for bulk storage. 
Of a total storage capacity of 6.4 million barrels only 3.3 million was 
public storage, and of this only about 350,000 barrels (less than 6 
percent of 1948 production) was for bulk rough rice. This lack of 
public bulk storage requires practically all users of the direct-combine- 
drier methods of harvesting to assume an extra charge of approxi- 
mately 50 cents per barrel (including cost of sack, fee for filling and 
sewing, and drayage from drier to warehouse) over and above the 
usual drying and storage charges if they wish to store rough rice for 
marketing in an orderly manner. Only when sufficient public bulk 
storage becomes available will the economies of combine harvesting be 
fully realized. 

Of the 6.5 million barrels of rough rice produced in Louisiana in 
1948, approximately 63 percent was dried. The rough-rice driers, 
however, are potentially capable of drying approximately 7,000,000 
barrels in 60 days, if utilized to full capacity. As the use of the direct- 
combine method expands, additional public drying facilities doubt- 
less will be needed in some localities. At this time, the most pressing 
need would appear to be the providing of sufficient public bulk-storage 
space. 

Survey of rice-storage and drying facilities in Texas, 1949.—A 
survey in 1949 showed available commercial storage capacity capable 
of sheltering 93.4 percent of the 6,400,000-barrel 1948 crop. How- 
ever, 60 percent of that capacity is suitable only for sack storage, 
while the present need is for bulk storage because of the almost com- 
plete recent shift to combine harvesting. Of the total capacity of 


5,975,700 barrels, 58 percent was public storage but only 11 qoceest 


was public bulk storage. Furthermore, 28 percent of this public bulk 
storage consists of terminal elevator storage suited primarily to the 
needs of quantity handlers, such as rice mills, leaving only 72 percent 
(less than 8 percent of 1948 production) for the average producers. 

Sacking rough rice is no longer a productive operation in Texas. 
Nevertheless, lack of public bulk-storage facilities obliges practically 
every producer in the State to sack any rough rice he wishes to hold 
for scieels marketing. This makes it necessary to pay, in addition 
to normal drying and storing charges, an extra charge of approxi- 
mately 50 cents per barrel to cover cost of sack, fee for filling and 
sewing, and drayage from drier to warehouse. The full economies 
of combine harvesting will be gained only when public bulk facilities 
become abundant enough to free producers from the present necessity 
of storing rough rice in sacks. 

Approximately 97 percent of the 6,400,000 barrels of rough rice 
produced in Texas in 1948 was dried. Potential capacity of existing 
driers is approximately 9,000,000 barrels in 60 days. These driers 
appear ample for current production, if supplemented with adequate 
eae bulk-storage facilities, although additions in some localities 
might facilitate handling by eliminating long hauls. The most press- 
ing current need appears to be provision of enough bulk-storage space 
to allow the existing drying plants to move the dried rough rice from 
their work bins quickly, so that slow-downs and temporary shut-downs 
can be eliminated. 
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Survey of grain-storage facilities in Georgia, 1949.—A survey spon- 
sored by the Georgia State USDA Council obtained the following 
significant facts on the quantity and condition of grain storages in 
the State of Georgia in 1949: The total available on-farm corn and 
small-grain capacity was estimated at 108.5 million bushels, 67 per- 
cent in corn cribs, 7 percent in grain bins, and the remaining 26 per- 
cent in other storages, such as old dwellings, barns, and other farm 
structures. Less than half of the storage capacity afforded proper 
protection from the weather. Only 34 percent was rodent proof. 
About one-fourth of all storages and one-half of the grain bins were 
tight enough to be properly fumigated. 

The off-farm survey showed 145 plants, with a total capacity of 
3,225,000 bushels, which stored or handled grain in Georgia; 62 per- 
cent of the total was bulk storage and 38 percent was sack capacity. 
Elevators accounted for 32 percent; warehouses 41 percent; flour mills 
7 percent; corn products mills 4 percent; feed mills 13 percent; and 
other type storages 3 percent. Concrete construction accounted for 
37 percent; wood 31 percent; brick 18 percent, and steel 7 percent. 
About 36 percent of these plants were built during the last 10 years 
and 28 percent prior to 1920. Most of the warehouses do not have 
mechanical facilities for turning the grain and a relatively large num- 
ber do not have cleaning equipment. Almost one-third of the ware- 
houses have no way of determining moisture content and only eight 
plants in the State are equipped to dry grain artificially. 


¥. SOME ADDITIONAL WORK NEEDED 


Continued observations on methods of preventing moisture migra- 
tion in stored grain.—Moisture migration within a mass of grain and 
undesirable accumulation of moisture in any part of the mass ee 

2 


cause extensive damage in large storages. Means of keeping suc 
movements under control require special study throughout at least 
one full storage year, beginning in the fall. 

Ventilation of grain for preventing local damage.—Turning grain 
is eXpensive and is only a tentative treatment to delay trouble in 
stidube grain. Further studies of the possibility of forced ventilation 
for treating problem grain are needed. Limited observations so far 
indicate that forced ventilation may be an economical method of 
treating grain on the verge of spoiling and may be effective in pre- 
venting future spoilage. 

Atmospheric ventilators for stored grain —Most of the grain-bin 
plans now in use provide for roof or gable ventilators to aerate the 
space above the grain. There are two objections to such ventilators: 
the initial cost and the fact that they often leak rain or snow. There 
is difference of opinion and no definite information on the value of 
above-the-grain ventilation. ‘This question needs investigation. The 
effectiveness of above-the-grain ventilation combined with tillage of 
the grain surface to dissipate accumulation of moisture should also 
be studied. 

Grain-bin failures—Some structural weaknesses in Government- 
owned grain bins have been observed and further weaknesses inay de- 
velop during longer periods of storage. These observations, if fol- 
lowed up systematically, will be of value in improving the basic data 
used in design of grain bins. 

78552—51—vol. 140 
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Drying methods for removing small excesses of moisture.—It ap- 
pears that the Government may, under some conditions, accept grain 
that contains 1 or 2 percent moisture in excess of the limit for safe 
storage. Further investigation is needed to determine the most eco- 
nomical methods of removing these small amounts of excess moisture. 

Effects of high-frequency energy on seed micro-organisms.—Study 
is needed to determine whether high-frequency energy may have a 
specific effect on seed micro-organisms and seed viability independent 
of the heat effect. Such studies would require the purchase of a 
modulator which is not now available. 

Seed variety and quality differences—More detailed study is needed 
of the differences in varieties that lead to differences in seed quality 
and the specific conditions that result in least loss of viability. The 
work should be extended to other kinds of seeds. 

Grain and feed storage in the Southeast.—The increasing emphasis 
on diversification of agriculture in the South, with greater livestock 
production, will demand more and improved facilities for drying and 
storing grain and feed crops. The surveys completed under this 
project in Georgia and North Carolina indicate the need for further re- 
search to develop adequate facilities for drying and storing grains or 
feed crops under the warm and more humid conditions in the South. 


RESEARCH, SERVICE, AND EpucaTIONAL ASSISTANCE FOR GRAIN 
COOPERATIVES 


(FCA—a-1-—5—Federal Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to assist in the development and 
operation of grain cooperatives, as authorized by the Cooperative 
Marketing Act of 1926 (Public Law 450, 69th Cong.). 

Such assistance includes research, service, and educational work in 
the fields of organization, operation, and business techniques. At 
the present time the work is concerned mainly with (1) matters per- 
taining to operating costs so as to get factual understanding of ways 
and means of reducing these costs, (2) the preparation of publica- 
tions dealing with problems that are in greater part peculiar to and 
of most concern to grain cooperatives, and (3) evaluation perform- 
ances of other cooperative services of importance to grain growers 
in carrying on their farm operations. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


a-1—5—1—Regional grain cooperatives. To assemble, compare, and 
publish annually operating and financial data on 20 regional grain 
cooperatives operating in the major terminal and subterminal markets. 


B-—2. CURRENT SERVICE PROJECTS 


Planning future elevator facilities —To prepare economic data for 
and to advise with the board of directors of Ohio Equity Exchange 
on planning future elevator-expansion programs. Requested by Ohio 
Equity Exchange, Lima, Ohio. ; 
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Suggestions for grain-marketing service——To make a brief study 
and prepare a report on Cooperative GLF Exchange facilities and 
operating practices as they relate to its grain-marketing a 
Requested by Cooperative GLF Exchange, Inc., Ithaca, N. Y. 

Location and type * grain-elevator facilities—To assist in develop- 
ing a study of procedure and the factors that should be considered 
in planning for the most efficient type of elevator facilities for specific 


conditions, Requested by the University of Arkansas, Fayetteville, 
Ark. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Requests for help in one form or another from grain cooperatives 
have been received for about 35 years. In the early years the major 
needs for help were mostly concerned with the problems of organiza- 
tion and bookkeeping. These were followed by the more difficult 
problems of operation. Such requests and needs for help led to studies 
which resulted in a number of publications dealing with the subjects 
of organization procedures, including bylaws, accounting systems 
and procedures, as well as analyses of the many other factors involved 
in actual business operations. Most of the principal grain-producing 
States have been included in areas of study concerned with practically 
all phases of cooperative grain marketing and related activities, 
These studies came about mostly through direct requests, while others 


represented efforts made jointly in cooperation with various State 
agencies. 


D. FUNDS—-ANNUAL EXPENDITURES 


Over the last 25 years annual appropriations for this work have 
ranged from about $10,000 to $40,000. Allotments for 1949-50, 
including charges for central overhead and other services, were 
approximately $26,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS : 

Accounting systems and assistance in accounting.—The systems of 
accounts for cooperative and other grain elevators, which were issued 
in 1915, 1916, and 1919, had wide acceptance by both the cooperatives 
and other types of primary grain elevators. But they particularly 
served the needs of the cooperatives because of no previous systems 
designed ressiere to fit their kind of operations. Somewhat later 
other issues were designed as exercises and problems in grain-elevator 
bookkeeping and accounting which illustrated the operation of the 
previously published systems of accounts (Department Bulletins Nos. 
236, 362, and 811, and unnumbered mimeographed reports). Another 
and more technical type of bulletin on accounting procedure for coop- 
erative grain elevators, which also had wide distribution, was me 
hshed in 1938 (FCA Bulletin No. 28). 

The organization of cooperative grain-elevator companies.—This 
work, published in 1920, was designed to furnish a plan of organi- 
zation and method of procedure for persons required to assist in the 
formation of cooperative grain-elevator companies, for producers 
contemplating organization, for persons having ordinary private cor- 
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poration types of farmers’ elevators and desiring to reorganize on 
the cooperative plan, and for persons interested in cooperative organi- 
zation in general (Department Bulletin No. 860). 

Organizational structure of farmers’ elevators—The general pur- 
pose of this undertaking, published in 1939, was to provide information 
and suggestions which might be useful to grain producers in con-’ 
sidering questions of cooperative reorganization or organization. The 
specific objectives of this publication were: (1) To set forth briefly 
some of the generally accepted cooperative principles; (2) to discuss 
the important reorganization problems of existing farmers’ elevators ; 
(3) to outline organization procedure for new associations; and (4) 
to present suggested forms for organization documents (FCA Circular 
No. C-115). 

Based on information for the latest year available, 1947, it was 
estimated that there were approximately 2,250 cooperative associa- 
tions in the United States handling, storing, and marketing grain 
for about 682,000 grower members. These figures include a rela- 
tively small group of rice and bean cooperatives, but the figure on 
membership does not represent the total number of patrons, which 
is much larger. For the year 1949 the membership equity in the 
assets of these associations was calculated to be around $253,846,000. 


F. SOME ADDITIONAL WORK NEEDED 


Relative operating efficiency of cooperative elevator management.— 
Little concrete information is available that affords a basis for com- 
paring the merits of four methods by which local elevators are man- 
aged. These methods are finance contract, line, and locally managed 


single and multiple-unit elevators. A study pointing out the specific 
advantages and disadvantages of each from the viewpoint of economi- 
cal service for the farmer member would provide a useful guide to 
sound future development and expansion of the elevator service. 

Economic analysis of cooperative elevator location—With present 
reads and transportation facilities, farmers may bypass their closest 
grain-shipping point built to serve horse and wagon grain hauling. 
Small trade territories usually do not justify modern, fast-handling 
storage elevators. Sideline operations important in utilizing elevator 
plant and labor more efficiently are another advantage the elevator 
located in the better trading center has over the elevator located at 
country crossroads. <A study to indicate how these factors change the 
requirements for the most desirable plant location would provide valu- 
able basic information to use in consolidating and expanding future 
cooperative elevator service. Analyses coming out of these studies 
would be made for use in service research projects and as basic tools 
for cooperative leaders and extension workers. 

In general.—Because of changing conditions that involve shifts in 
production, methods of operation, means of transportation, and market 
outlets, there is continual need to provide cooperatively minded groups 
of grain growers with information on kind of organization or re- 
organization, types of plant facilities, and location most suitable to 
their requirements and purposes. There is also continual need for 
research in seeking solutions to new problems that are constantly 
emerging in various phases of operation. 
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ANALYsIs or Cooperative Grain Deaters’ Marorns anp Costs 


(FCA—OES—RM: c-120—Federal-RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


This project is designed to acquire factual understanding of all 
factors that contribute to practical economies in handling and ‘market- 
ing grain at the local level. The study is primarily one > of an: ulyzing 
costs of handling grain by local farmers’ elevators and determining 
the factors causing variations in these costs. A representative number 
of elevators were selected for study and from onal of these, data per- 
taining to operations were obtained for the four most recent years for 
the purpose of segregating and appraising the factors that tend to 
increase or decrease costs. Costs are then analyzed in relation to 
plant construction and layout, volume of business, types of grain 
handled and methods of handling, and opportunities of cost spreading. 

Experience has made clear that two important factors influencing 
local elevator margins and costs are volume (as influenced by size of 
oop) ) and the eyclic al trend in commodity prices. The data collected 
includes 4 years’ operations, years of relatively large and small crops 
and years when the cyclical trend in prices was both up and down. 
These data offer an opportunity to study the effect of size of crop 
and cyclical trend in prices on elevator operations. Costs will be 
analyzed in relation to plant construction and layout, volume of 
business, types of grain handled and methods of handling, and op- 


portunities of cost spreading to determine how these costs may be 
reduced. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-120-1—Analysis of margins and costs of farmers’ cooperative 
elevators. To acquire factual understanding of all factors that might 
contribute to practical economies in handling and marketing grain at 
the local level; to segregate and appraise ‘the factors that tend to 
increase or decrease costs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research concerned with cooperative grain elevator operations has 
been almost continuous since the year 1915. Publications issued on 
the subject from time to time by both Federal and State agencies repre- 
sent a vast amount of effort, and when reckoned in numbers add up to 
a sizeable figure. Specifically, by far the larger part of this work 
was not concerned with the matter on the bases of functions or activi- 
ties but rather dealt with operations in the aggregate. For the pres- 
ent, the work is mostly aimed directly at the details of costs and 
margins in relation to the factors that influence their tr ends, upward 
or downward, but more particularly as they affect the grain part of 
the business. 

Data have been collected, over a period of 4 years, from 96 elevators, 
evenly divided between the States of Iowa and Kansas. These data 
will be analyzed and the findings made available to assist in the 
development of improved policies and practices in local elevator 
operations. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


The annual money obligations for carrying on the work under this 
project for the past 3 years were approximately, fiscal year 1948, 
$7,500; 1949, $12,500. and 1950, $11,650. Collection of data was done 
under contract. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The work involved in this study is still in varying stages of comple- 
tion. A manuscript covering 3 years of operations of the Iowa ele- 
vators has been completed and is now ready for publication. 


F. SOME ADDITIONAL WORK NEEDED 


Additional studies of costs and margins.—It has become increas- 
ingly important that grain cooperatives have more authoritative in- 
formation on the potentialities of their grain business in relation to 
cost assumption and available margins. To meet these needs ade- 
quately it is requisite to have further research to get a complete 
analysis and full understanding of the interplay of all the factors 
pertinent to the subject. 


Merasurinc THE Breap-BaKinc QuaALiry oF WHEAT 
(PMA-OES-—-RM: c-134—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop a rapid, simple, and practical test for estimating the 
bread-baking quality of wheat, and for use in the routine inspection 
of wheat under the official grain standards, and to appraise and an- 
alyze prices, storage, grading, and other marketing factors in relation 
to wheat quality. The current work is particularly concerned with 
providing means whereby buyers may obtain wheat best suited to 
their needs and farmers may obtain premium prices in accordance 
with the potential bread-baking quality of their wheat. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-134-1, ES-73—Marketing and pricing techniques for Hard 
Red Winter wheat at local elevators. To determine the variations in 
the quality of wheat marketed at local elevators and to determine 
whether farmers receive prices in proportion to the quality and ter- 
minal market price differentials based on quality; and to study the 
gluten proteins of wheat of good- and poor-baking quality by infrared 
spectrographic techniques in order to determine the fundamental dif- 
ferences between gluten of good and poor quality. 

RM: c-134-2—Simple bread-baking quality test for wheat. To ob- 
tain laboratory data on the milling, baking, chemical, and physical 
properties of samples of commercial wheat and to study them in rela- 
tion to the sedimentation test developed by PMA as a measure of 
bread-baking quality; and to make certain needed refinements in the 
sedimentation test. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


There has been a long-felt need in the wheat-marketing system for a 
quick practical test for estimating the potential bread-baking quality 
of wheat. This work is related to the basic task of formulating and 
improving official United States standards for wheat. The sedimen- 
tation test was developed by PMA for estimating the bread-baking 
quality of wheat flour, and it is applied to wheat by preparing in a 
simple maner a small quantity of flour from the wheat. Final details 
of the method and its application are now being studied. 


D. FUNDS—-ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 








E. EXAMPLES OF DUTSTANDING ACCOMPLISHMENTS 


A method has been developed for preparing from wheat in about 
2 minutes a small quantity of flour for use in the sedimentation test 
that reflects the bread-baking quality. The entire test, including the 
a of the samples, can be completed in about 15 minutes. 


t a from a statistical analysis of the data accumulated to date 
that the sedimentation test will in general prove to be as good an index 
of bread-baking quality as the protein test for hard wheats. In the 
case of wheat of inherently inferior gluten quality or in which the 
gluten quality has suffered as a result of unfavorable growing condi- 
tions, the sedimentation test becomes a better index of bread-baking 
quality than the protein test. This test can be performed more quickly 
and inexpensively than the standard protein test, which requires about 
45 minutes and involves the use of elaborate and expensive equipment. 
Another chemical test, known as the biuret test for determining pro- 
tein content of wheat, has been developed and it can be performed 
with simple, inexpensive equipment. 


F. SOME ADDITIONAL WORK NEEDED 


The practicability of the sedimentation test should be determined 
oY applying it under practical inspection conditions at several field 
offices. There is also a need for determining the relationship between 
wheat moisture content and sedimentation and for applying a correc- 
tion if necessary. The infrared spectrographic technique for in- 
vestigating the gluten from good and poor quality wheat should be 
continued. Very little is known about the fundamental properties of 

luten that influence baking quality in wheat flour. These studies 
ave just been started and they should be continued until such prop- 
erties of gluten are known. With this knowledge, it should be possi- 
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ble to develop practical methods for measuring gluten quality in 
wheat. The it tiaeniadiins test, which has been widely applied to 
hard wheat samples to determine its effectiveness in measuring bread- 
baking quality, should be applied to other classes of wheat to measure 
their characteristics in relation to their special uses. 


Srwpte Far Aciwwrry Test For Grain 


(PMA—RM: c-357—Federal-RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop a rapid, simple method for determining fat acidity in 
grain that can be used in the routine inspection of grain under the 
official grain standards of the United States in order that the stand- 
ards will more adequately reflect soundness and keeping quality of 
grain. Current work is concerned with the development of a simple, 
rapid colorimetric or titrimetric methed for measuring the free fatty 
acid content of grain extracts in organic solvents. 


B. CURRENTLY ACTIVE LINE PROJECTS 


There are no line projects under this work project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work project was initiated during the fiscal year 1949. Prior 
to that time PMA had developed the fat acidity test which has been 
widely accepted as a useful index of the soundness and keeping quality 
of wheat and corn; however, the test is not sufficiently simple and 
rapid to be used in the routine inspection of grain. To be practical 
in routine inspection work, the test must be made simpler and more 
rapid and must be capable of application by persons not possessing 
high technical skill. 


D. FUNDS—-ANNUAL EXPENDITURE 


Expenditures for this work have been as follows: 1949, $11,000; 
1950, $13,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


It was found that grain samples could be quickly and finely ground 
in an inexpensive device known as a blender to prepare the sample for 
extraction of the free fatty acids. A blender is a motor-driven, elec- 
trically operated device for pulverizing and intimately mixing small 

uantities of material by means of small, high-speed rotary knives. 

‘he extraction of the lipids, including the free fatty acids, from grain 
can be carried out in an organic solvent with the aid of a mechanical 
shaker. The next step is to eliminate the usual titration and substi- 
tute a simple, easily read color reaction. Experiments have been con- 
ducted with a number of organic dyes and it was found that some of 
them combine chemically with free fatty acids in organic solvents to 
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form products that can be measured with a color-measuring instru- 
ment, which indicates the possibility of a simple objective test for 
determining soundness in grain. A survey has been conducted to 
determine the range of fat acidity values for various grains. 








F. SOME ADDITIONAL WORK NEEDED 






The most desirable method of grinding grain for this test would be 
in a grinder-extractor where the whole grain is ground and extracted 
simultaneously in 5 to 10 minutes. An attempt is being made by PMA 
to develop such a grinder-extractor in connection with other work on 
developing a rapid, simple test for determining oil quantity and quality 
in soybeans and flaxseed. Further work will be needed in developing 
the colorimetric reaction of the free fatty acids and/or the simplifica- 
tion of the official titration procedure for the determination of fat 
2 acidity in grain. When a simple, rapid method is developed, it should 
‘ be es tested in the field offices of PMA in routine grain-inspection 
ce work. 
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DrEvVELOPMENT OF New AND Improvep Meruops ror SAMPLING GRAIN 
(PMA—RM: c-547—Federal-RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 










To develop equipment and methods which will permit the taking 
of a representative sample of any lot of grain tendered for inspection 
under the provisions of the United States Grain Standards Act. The 
current work is particularly concerned with the development of equip- 
. ment and methods suitable for use in obtaining representative samples 
of grain in large modern railroad cars. 

















B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-547-1—Sampling grain in boxcars. To develop equipment 
and methods which wili permit the taking in boxcars of a representa- 
tive sample of any lot of grain tendered for inspection under the 
United States Grain Standards Act. 


C. HISTORY AND EVOLUTION OF THIS WORK 





Work under this specific work project was initiated during the 
fiscal year 1949. Similar work, on a much less intensive scale, has been 
in progress since grain standardization research was initiated in 1906. 
The grain-sampling equipment and methods originally developed and 
used for a long time have been modified and improved slowly. This 
slow development has not provided equipment and methods suitable 
for obtaining, under most conditions, representative samples of grain 
loaded in large modern freight cars that have been constructed during 
recent years. Grain is generally loaded into these large cars to depths 
of from 6 to 8 feet, and it is impossible with the present official grain 
probe to obtain samples from the bottom 1 to 3 feet of the carload. 
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D. FUNDS-——-ANNUAL EXPENDITURES 


Expenditures for this work have been as follow : 1950, $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Under this work project, comments and suggestions for improv- 
ing present grain-sampling procedure have been solicited from all in- 
terested groups in the United States. A survey of the size of freight 
cars used for transporting grain, the depth to which grain is generally 
loaded in cars, and the available sampling space in the cars above the 
top of the grain has been made. It has been found from the surveys 
conducted under this project that present grain-sampling equipment 
is inadequate for obtaining representative samples under all condi- 
tions from boxcar lots of grain offered for inspection. Several new 
sampling devices have been made and tested but none of these have 
proved to be satisfactory under all conditions encountered in routine 
grain-inspection work. 


F. SOME ADDITIONAL WORK NEEDED 


Intensive research designed to develop suitable equipment and 
methods for obtaining in boxcars a representative sample of any lot 
of grain tendered for inspection under the United States Grain Stand- 
ards Act should be continued. In addition, work should be done to 
develop suitable equipment and methods for obtaining representative 
samples of any lot of grain under any normal condition it is tendered 
for inspection. This includes bulk and sacked grain in elevators, ware- 
houses, trucks, barges, steamships, and all types of railroad cars other 
than boxcars (as gondolas), and grain being transferred from one 
type of carrier or storage container to another. 


Cross REFERENCES—MARKETING 


For additional information especially pertinent to subjects re- 
ported on in this chapter, see also: 


BAE—b-1-1, Chapter 32, field-crop estimates and reports. 

BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for servicing current 
requests. 

BAE, PMA, OES—-RM: c-29, Chapter 32, market supplies, movements, and 
prices. 

BAE—RM: c-32, Chapter 27, bread and flour enrichment appraisal. 

BAE—RM.: c-205, Chapter 26, selling in futures. 

BPISAE—e-2-3, Chapter 30, storage structures and equipment. 

CEA—Commodity Exchange Act, Chapter 35. 

Ext.—RM: c-95, Chapter 37, grain marketing. 

Ext.—RM: c-211 Chapter 37, marketing education on wheat and other grains. 

PMA—Freight rates for farm products, Chapter 19. 

PMA—United States Grain Standards Act, Chapter 35. 

PMA—Administration of United States Warehouse Act, Chapter 35. 

PMA—Market inspection of grains, rice, hay, beans, peas, hops, and miscellaneous 
commodities, Chapter 34. 

PMA, Chapter 34, Development of grades and standards of grain, rice, beans, peas, 
hay, straw. 

PMA—RM: c-4380, 4381, 482, Chapter 36, marketing service programs. 

OES, FCA—RM: c—558, Chapter 26, operating efficiency of agricultural market 
ing cooperatives. 

OFAR, Chapter 231 especially RM: c-2 and RM: c-544, foreign activities. 

Chapter 32 for reports on crop and livestock estimates, 

Chapter 33 for commodity market news service. 
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RICE 
Chapter 6—Part II 


Foreworp 


This chapter covers research relating primarily to the production, 
utilization, and marketing of rice. Cross references to functional or 
cross-commodity lines of work pertaining directly or indirectly to rice 
are included at the end of each of the major production, atitivation, 


and marketing sections of this chapter. Since these references apply 
to a wide variety of closely related subjects, they are important in 
obtaining a complete picture of the work on rice. 
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A. PRODUCTION 


Rice Propuction, Breepine, Diseasr, AND QuaALITy INVESTIGATIONS 


(BPISAE—a-1-6—Federal-State—Regular Funds) 


Sy Ai lar EI i i SEN NPA RI 


A. PURPOSE AND NATURE OF CURRENT WORK 


















To (1) develop and distribute improved, adapted, stiff-strawed, 
high-yielding, disease-resistant long-, medium-, and short-grain vari- 
eties of rice of good milling and table quality which are well suited 
i for production by present cultural and harvesting practices; (2) de- 
termine the best cultural, irrigation, fertilizer, rotation, and harvest- 

ing practices to use, in order to maintain soil fertility and to produce 

high yields at minimum expense. The improved varieties must be 
Ff well suited for harvesting by the combine-drier method. High yields 
f and good milling and table quality are essential in order to retain 
and possibly expand our domestic and foreign rice markets. Current 
| emphasis is on breeding for improved quality, production, and disease 
resistance and to develop medium- and long-grain types that the mar- 
kets desire and which will enable growers to spread their planting and 
harvesting operations. 


dic he Bases es 





B. CURRENTLY ACTIVE LINE PROJECTS 



























a-1-6-1—Rice culture and harvesting investigations. To deter- 
mine the best cultural, irrigation, fertilizer, and rotation practices 
in order to produce maximum yields of high milling and table quality. 

a—1—6-2—Breeding rice for improved adaptation. To develop bet- 
ter adapted early-, midseason-, and late-maturing stiff-strawed dis- 
ease-resistant, long-, medium-, and short-grain varieties of high-yield- 
ing capacity, and good milling and culinary quality, that are well 
suited for harvesting by the combine-drier method. 

a—1-6-3—Improved methods of breeding rice. To develop im- 
proved methods of breeding rice, so as to conduct breeding work more 
efficiently and thus produce better varieties. 

a-1-6-11—The maintenance of breeding and genetic stocks. To 
maintain viable breeding and genetic stocks of rice which possess fac- 
tors for disease resistance, earliness, hardiness, and other desirable 
characters, that by hybridization may be transferred to adapted 
varieties. 

a—1—6—13—-Pure-seed supplies of new improved and commercial 
rice varieties. To purify, increase, and distribute pure-seed rice of 
the principal varieties in order to maintain high yields of good milling 
and culinary qualities. The demand for good seed rice far exceeds 
supplies. 

a—1—6-16—The effect of variety and other factors on the food value 
of rice. To determine the effects of variety, environment, and cultural 
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practices on the composition and food value of rice. Vitamin, milling, 
and cooking tests provide a check on effects of the different factors. 

a~1—6-17—Control of rice diseases and breeding of resistant varie- 
ties. The purpose of these investigations is to develop controls of dis- 
eases by seed treatment, by breeding resistant varieties, by developing 
desirable changes in cultural and cropping practices, and by other 
means of disease control. Work on stem rots, leaf blight, and seedling 
blight is currently of special importance. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of improved rice varieties was begun in 1899 and was 
confined largely to the testing of varieties introduced from foreign 
countries. These introductions were tested on demonstration farms 
in Louisiana and Texas from 1900 to 1908. The Rice Experiment 
Station at Crowley, La., was established in 1909. Demonstration tests 
with rice were started in 1909 in South Carolina, Arkansas, and Cali- 
fornia, and in 1910 in eastern Texas. As a result of these domonstra- 
tions, the Rice Experiment Station at Beaumont, Tex., and the Biggs 
Rice Field Station, Biggs, Calif., were established in 1912. The Rice 
Branch Experiment Station was established in Arkansas in 1927. In 
California, rice production was, estabished as a result of demonstra- 
tions conducted in that State before commercial production began ; 
whereas in the Southern States rice was an important crop before the 
rice stations were established. In each State the stations have been 
responsible for developing improved varieties and better cultural, irri- 
gation, fertilizer, and rotation practices. Although the average yield 
of rice per acre for the period 1940-49 was lower than for the previous 
decade because of the big expansion of production by new growers on 
poorer land, the average per acre yield in the last decade, as compared 
with the 1910-19 period, has increased by 24 percent, largely as a 
result of improvements in varieties and other practices growing out 
of this research and the shift to mechanized inetd 


D. FUNDS—-ANNUAL EXPENDITURES 


A rough estimate of annual expenditures for rice investigations 
from 1909 to 1913 ranged from $3.800 to $9,800; 1913 to 1931, from 
£9,800 to $40,000; 1931 to 1941, from $40,000 to $43,000; and 1941 to 
1950, from $43,000 to $54,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of improved varieties —The Colusa and Caloro short- 
grain varieties, which were developed and distributed by the Depart- 
ment, have been the principal commercial varieties grown in Cali- 
fornia for 30 years. Tn 1949 these varieties were grown on about 95 
percent of the California rice acreage. In recent years in the Southern 
States a marked shift has seein in the proportion of the acreage 
sown to improved high-quality, long-grain varieties developed and 
distributed by the rice stations. In 1931, for example, long-grain va- 
rieties were grown on only 16 percent of the southern acreage, as com- 
pared with 53 percent in 1949. 

Varieties developed and distributed by the rice stations were grown 
on over 90 percent of the rice acreage in 1949. Rough rice of the 





ions 
rom 
1 to 


1ort- 
yart- 
‘ali- 
it 95 
hern 
eage 

and 
1 Va- 
com- 


frown 
F the 


RICE 631 


high-quality, long-grain varieties sells at a higher price than the 
varieties they have largely replaced. On the basis of the 1949 crop 
these improvements of quality in the new varieties added for this sea- 
son alone more than $20,000,000 to the growers’ income. 

Irrigation and weed control.—As a result of research, better irriga- 
tion practices for weed control are now used. Experiments in 
California showed that continuous submergence of the rice lands from 
seeding time until just prior to harvest successfully controls barnyard 
grasses, the most nations weeds in California rice fields. ‘These 
grasses are effectively controlled by seeding rice broadcast on a well- 
prepared seedbed and immediately submerging the land, or by first 
submerging the land and seeding broadcast on the water. On area 
mately 90 pe of the rice acreage in California, seed is broadcast on 
the water by airplane. The rice seed germinates beneath the water 
and the seedlings emerge, whereas barnyard grass seedlings are unable 
to emerge through the water. This method of irrigation has elimi- 
nated hand-weeding and resulted in estimated savings to growers of 
14 to 1 million dollars annually. Barnyard grasses are being partially 
controlled in the Southern States by early submergence of rice fields. 
On very grassy fields a modification of the continuous submergence 
method also is being used to advantage. 

Fertilizer usage.—Experiments to determine the fertilizer require- 
ments of rice at four stations have resulted in fertilizers now being 
used in larger amounts and to much better advantage. Nitrogen and 
phosphorus give the largest increases in yields. In Arkansas, Cali- 
fornia, and Texas, for example, the application of 30 to 80 pounds of 
niroae per acre at the proper time increases yields by 300 to 1,200 
rounds. 

The development of parboiled rice—The parboiling of rice has long 
been practiced in certain oriental countries. Those who consume par- 
boiled rice there seldom develop beriberi, whereas heavy consumers 
of untreated milled rice are commonly afflicted with this disease. 
The results of preliminary experiments with the parboiling of rice 
were reported by the Bureau in 1935 and showed that parboiling 
increased materially the yield of head (whole kernels) rice in milling; 
improved the cooking quality, and made it more suitable for use in 
canned products. Later these results were of assistance to millers in 
establishing parboiling plants in this country. The parboiled rice 
produced was largely used by the armed services during World War 
II, and since 1945 such rice has been generally available. 


F. SOME ADDITIONAL WORK NEEDED 


Development of hardy (tolerant to cool temperatures) long-grain 
varieties adapted for growing in California—None of the present 
commercial varieties of this type, because of low yield and lack of 
hardiness, can be grown successfully in California. If adapted varie- 
ties were available, markets for California rice would be enlarged 
materially. 

Development of early- midseason- and late-maturing high-quality 
long-grain rices resistant to new races of the narrow brown leaf spot 
disease and other diseases that attack Rexoro, Texas Patna, and 
Bluebonnet—the most important varieties of this grain type—would 
permit more advantageous use of available labor, as well as the use of 
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harvesting and drying equipment, in the production of high-quality 
rice. 

Development of varieties tolerant to saline conditions of the Gulf 
coastal area should be feasible, since salt-tolerant types are available 
in parts of Asia. Salt-tolerant strains adapted to local conditions 
should be developed by hybridization. Such varieties are needed, since 
in dry years when streams are low, salt water moves up stream to 
pollute the irrigation water and damage the crop and land. 

Fundamental studies on the genetics, cytology, physiology, and 
morphology of rice should receive more attention in order to facili- 
tate improvement by breeding and development of improved cultural 
practices. 


Economics OF Farm MECHANIZATION AND OrHeER Improvep TECHNIQUES 


(Rice) 
(BAE-RM: b-62—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) discover the costs and performance of the newer techniques 
used in the production of rice, and (2) appraise their effects on cost of 
producing rice and on the organization, operation, and incomes of 
farms of various sizes. During the early phases of the study, work 
was concerned with obtaining farm data on different methods of har- 
vesting rice with emphasis on the combine-drier method. The current 
work deals with the effect of harvesting methods on cost of producing 
rice and with comparisons of alternative rice-farming systems, includ- 
ing varying proportions of cropland in rice and adapted supplemental 
enterprises, that will be most profitable to farmers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-62.4—Economics of rice mechanization in Arkansas. To 
ascertain the economic feasibility of the use of newer technological 
developments in rice production in Arkansas and to determine the 
most profitable alternative rice-farming systems. 

RM: b-62.10—Economics of rice mechanization in Louisiana. To 
learn the effect of different methods of production on the cost of pro- 
ducing rice on farms of different sizes and to study the income pos- 


sibilities of the supplemental enterprises in rice-farming systems in 
Louisiana, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Some earlier studies of the organization, operation, and incomes of 
rice farms of various sizes were made by the Arkansas, Louisiana, and 
Texas Agricultural Experiment Stations. Experiments had been 
made pertaining to rotations, cultural and irrigation practices, and 
fertilization. But combines and artificial driers have been introduced 
so recently that no study of the economy of their use had been made 
until this line of work was initiated late in 1947, when RMA funds 
became available. 
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D. FUNDS—ANNUAL EXPENDITURES 


Estimates of annual expenditures on this project by BAE are as 
follows: Fiscal 1947-48, $6,000; 1948-49, $11,000; 1949-50, $16,000. 
The Arkansas and Louisiana Agricultural Experiment Stations are 
cooperating on this study and their contributions of funds about equal 
those of BAE. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Some facts pertaining to comparative costs in money and labor and 
to other farm considerations when alternative machines and methods 
are used in harvesting rice have been ascertained, as well as the relation 
of income to the proportion of land that is planted to rice. Most farm- 
ers cannot afford to learn through trial and error whether an expensive 
machine or practice will pay, although they well know that their in- 
vestment in harvesting machinery will be much larger if they shift 
from the binder-thresher to the combine-drier method. It was found 
that the investment in harvesting equipment on farms having about 
200 acres of rice averaged about $20 to $25 per acre of rice, when the 
combine method was used, and about $8 to $10 with the binder-thresher 
method. The man labor in harvesting rice with a 12-foot, self-pro- 
pelled combine is about 214 hours an acre compared with 11 hours when 
the binder-thresher method is used. ‘The combine increases flex:bility 
in choosing supplemental enterprises in rice farming. Soybeans and 
lespedeza seed can be harvested satisfactorily with a combine but not 
with a binder. With the cost-price relationships that have prevailed 
in recent years the self-propelled combine has an advantage over the 
binder-thresher method when 120 or more acres of rice (or the equiva- 
lent in rice and other crops) are harvested annually. Preliminary 
analysis of alternative rice-farming systems indicates that with this 
sr ee relationship, the farming systems with one-third of their 
cropland in rice and the remaining two-thirds in oats, lespedeza, and 
soybeans, or combinations of these crops would be more profitable than 
systems with half of the land in rice and the other half in supple- 
mental crops. 


F. SOME ADDITIONAL WORK NEEDED 


Economic appraisals of effects of new techniques.—A few southern 
rice farmers are using airplanes for seeding, chemical weed control is 
under way, differentials are paid for different types of rice (i. e., short- 
grain versus long-grain), and varieties have different yields and they 
may demand different practices. Since rice-growing practices and 
alternative and supplemental enterprises in the Texas areas differ from 
those in Louisiana and Arkansas, a study somewhat similar to the 
ones made in Arkansas and Louisiana is needed there. An over-all 
appraisal of the effects of changing technology on the entire southern 
rice area is desirable. 
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CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BPISAE—b-11-2, Chapter 38. Introduction and Evaluation of Rice. 
BPISAE—RM: b-57, Chapter 31. Weed Control. 


BPISAE—RM: a—111, Chapter 38. Plant Exploration and Testing. 
BAE—RM: b-62, Chapter 24. Economics of Farm Mechanization. 


B. UTILIZATION 


New ANbD Inrprovep Users ror Rice anp Rice Bypropuctrs AND BETTER 
Meruops or ProcessInc AND HAanpiine Rice 


(BAIC—RM: a-21—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop satisfactory methods for the treatment of harvested 
rice for quality preservation prior to processing, and to develop new 
and extended uses for rice and its byproducts. The current work in- 
cludes (1) studies of the methods of handling and processing rice de- 
signed to yield improved products and reduce cost of handling and 
processing; (2) development of new food products from rice and new 
uses for rice and its byproducts; and (3) investigation of the effect of 
processing factors on the composition and utility of rice-bran oil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—21-1—Studies in the storage of rice and its component parts. 
To develop improved methods for storage of brown rice and rice bran 
to avoid or reduce the losses due to reduction of nutritive value and 
increase of free fatty acids in these products. Phases of this are con- 
ducted in cooperation with the University of California. 

RM: a-21-2—The investigation and control of microbial organisms 
associated with southwestern rice to prevent deterioration during 
storage. To assay the role of micro-organisms in the deterioration 
of rice during harvesting, handling, storage, and processing ; to investi- 
gate the interrelationships of the enzymes and enzymatic products 
arising both from the seed and from its microflora; to develop the 
necessary methods of controlling or retarding microbiological activity 
leading to deterioration in order to alter and improve the properties 
and uses of rice and its derived products. 

RM: a-21-3—Investigation of methods of processing on the compo- 
sition and utility of rice-bran oil produced fiom nedthwetern (long 
and medium grain) rice. To develop methods of processing rice bran 
for the recovery of oil and methods of processing the crude oil into 
edible grade products. 

RM: a-21-4—Development of new food products from rice. To 
develop new, convenient, and attractive forms in which rice can be 
commercially processed in order to increase its utilization. 

RM: a-21-5-(C) —Pilot-plant investigations of the effect of drying, 
storage, and processing factors on the quality of rice. To investigate 
in a pilot plant the effects of methods of harvesting, drying, chemical 
treatment, and conditions of rice processing on the yield and market- 
ability of the products. This research is being conducted under con- 
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tract by the Institute of Science and Technology of the University of 
Arkansas. 

RM: a-21-6—Isolation and evaluation of antioxidants from rice and 
rice products other than rice-bran oil. To isolate and determine the 
value of the antioxidant which is present in rice bran, with the objec- 
tive of developing a new use for rice bran. 

RM: sot ten of variety and evironment on the composi- 
tion and cil pe properties of rice. Through the chemical and 
physical analysis of several varieties of rice grown at three locations 
for each of 3 years to evaluate the influence of variety and environ- 
ment on the composition and properties of rice with reference to proc- 
essing. This work is conducted cooperatively with the Bureau of 
Plant Industry, Soils, and Agricultural Engineering. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research in the Department of Agriculture on the utilization of 
rice was meager prior to fiscal year 1948. In that year investigations 
on this crop were started under regular funds of the Bureau and on 
additional lines of work with allotments from the appropriation for 
the Research and Marketing Act of 1946. The selection of subjects 
for research under the Research and Marketing Act was made after 
consultation with leaders of the rice industry. A program of research 
on milling and handling of rice was planned after consideration of 
existing work being done by other State and Government agencies. In 
view of the increasing number of plants producing rice-bran oil, re- 
search was undertaken to expand its utilization. Development of new 
food products from rice was undertaken as a means of finding new out- 
lets for the greatly increased rice crop. 


D. FUNDS—-ANNUAL EXPENDITURES 


During the fiscal years 1948, 1949, and 1950, the period this project 
has been active, the approximate annual expenditures have been $53,- 
000, $61,000, and $101,000, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of edible quality oil from rice bran has been accom- 
plished. It has been shown that an edible grade oil of unusual stability 
(resistance to rancidity) can be produced from crude rice-bran oil; 
that the oil can be refined, bleached, and deodorized for use as a cook- 
ing and salad oil, winterized (destearinized) for use in the manufac- 
ture of mayonnaise and salad dressings, and hydrogenated (hardened ) 
to produce plastic fats of the consistency of shortening and margarine. 

Stabilization of rice bran —aA method of treating bran to inhibit 
deterioration (hydrolysis) of the oil in the bran prior to extraction 
has been developed from the data obtained under this project. The 
process, consisting of live steam heating and cooling, has been adopted 
and is in operation in two rice mills. 

Stabilization of brown rice—-A 1-minute steam blanching of un- 
dried rough rice has been found to be an effective treatment for stabi- 
lizing the grain against development of fatty acids after the hulls are 
removed. Other methods worked out for accomplishing the same pur- 
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pose involve the control of the moisture content of the rice and of the 
storage temperature, or extraction with solvents of the unstable oil 
resent. 

5 New food products from rice.—Several new food items from rice 
have been developed. Rice “curls” are a snack item made from low- 
cost broken grains of rice. Rice “puffs” are made by immersing the 
commercial parboiled rice in hot fat or in a current of heated air. 
Both products are attracting commercial interest because of their 
attractive taste and texture. 


F. SOME ADDITIONAL WORK NEEDED 


Crude rice bran otl contains waxes and phosphatides which make re- 
fining difficult and result in abnormally high refining losses. Both of 
these products have considerable potential industrial value, especially 
the wax, which has been shown to be equal to imported carnauba wax 
in hardness, bleachability, and other properties. Research is needed 
to develop methods of separating crude phosphatides and waxes and 
refining these products. 

Microbiology of rough rice.—Except for investigations of the plant 

athogens, this is practically an unexplored field. Additional work 
is required on the determination of the identities of the bacteria, yeasts, 
and molds associated with rough rice deterioration as well as on their 
physiology, moisture, and temperature growth limitations; and to 
learn which ones, if any, are responsible for discoloration, souring, 
and heating of rough rice. 

Biochemistry of rice-—Very little is known regarding the biochem- 
istry of rice. A systematic investigation of the enzyme systems of 
rice, particularly with regard to their state of activity at dif- 
ferent stages of maturation and after different periods of storage, is 
needed. The part which enzymes play in the heating and discolora- 
tion of rough rice, in affecting kernel hardness, and in determining 
the viscosity, volume, and digestibility differences of cooked milled 
rice must be determined. Effects of atmosphere of storage and res- 
piration requirements need special attention if seed viability is to be 
prolonged in storage. 

Development of quick-cooking packaged rice—The Rice Advisory 
Committee has strongly recommended research on production of a sat- 
isfactory quick-cooking packaged rice. The standards set for the 
desired product are that it should cook in not more than 5 minutes 
and be equal in texture and flavor to freshly cooked white rice. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BAIC—RM: a-556—Chapter 11. Fats and oils (Stability of Rice Bran Oil). 


BAIC—RRL-—5-—3—Chapter 38. Utilization of Rice Residues. 
BHNHE—RM: a-13—Chapter 29. Family Food Consumption. 
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RICE 637 
C. MARKETING 


Revision or Rice Stanparps TO Meer New Meruops or Propucrion, 
HANDLING, WAREHOUSING, Processtnc, AND MarkeTINe 


(PMA—RM : c—245—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To revise the United States standards for rough rice and for milled 
rice to meet new methods of production, handling, warehousing, pro- 
cessing, and marketing, and to devise equipment necessary for the 
proper inspection of rough rice and milled rice under the revised 
standards. Most of the equipment has been built and is being tested. 


Preliminary standards are being drafted. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-245-1—Revision of rough rice standards. To develop of- 
ficial standards and methods for the inspection, grading, and certifica- 
tion of rough rice that will reflect milling yield in terms of quality and 
value, and that will be suitable for use in warehousing and in sales 
of and loans on rough rice. 

RM: c-245-2—Revision of milled-rice standards. To develop of- 
ficial standards and methods for the inspection, grading, and cer- 
tification of milled rice that will be suitable for use in the marketing 
of milled rice. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Revision and improvements in the standards for rough rice and 
milled rice are necessary to keep them abreast of changes in the pro- 
duction, handling, warehousing, processing, and marketing of rice. 
New varieties and new marketing practices have been developed which 
created a need for the revision of the standards for milled rice. The 
rice industry is in urgent need of standards for rough rice that will 
reflect the quantity and quality of milled rice that can be obtained from 
a given lot of rough rice. The work under this project was initiated 
during the fiscal year 1948. Part of the work has been conducted 
through a cooperative agreement with an engineering firm. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $7,500; 1949, 
$11,200 ; 1950, $17,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The Carter dockage tester, a mechanical device designed for use in 
separating dockage and other foreign material from a number of dif- 
ferent kinds of grain, has been adapted to remove weed seeds and 
other foreign material from rough rice. Itis very useful in the routine 
inspection and grading of rough rice. 








638 AGRICULTURAL RESEARCH AND RELATED SERVICES 


A laboratory sheller for use in removing the hulls from rough rice 
has been developed and found to be satisfactory. A laboratory ma- 
chine for use in completing the milling of rice has been finished, 
although the correlation of the results of this machine with the results 
from commercial milling machinery has not been determined. The 
laboratory sheller and a satisfactory laboratory milling machine will 
be essential equipment for use in the inspection and grading of rough 
rice to determine the expected milling yield and the quality of the 
milled rice produced. 


F. SOME ADDITIONAL WORK NEEDED 


A correlation of the results from the laboratory milling machine 
with commercial milling results should be made and, if necessary, 
modification of the laboratory machine should be made. A machine 
for separating whole kernels from broken kernels of milled rice should 
be designed for use in routine inspection work. When new and 
improved inspection equipment is available, the standards for rough 
rice and for milled rice should be revised to make them conform more 
closely with the usages and practices of the rice trade. 


CoNnSUMER-PREFERENCE Researcu (Rice) 
(BAE-BHNHE—OES—RM: c-31—Federal-State—RMA Funds) 


(Related consumer-preference research by BAE on other commodities is dis- 
cussed in other commodity chapters. Consumer-preference research conducted 
by BHNHE and OES, as well as line projects of BAE involving more than 
one commodity, are discussed in the general statement on consumer-preference 
research in Chapter 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To find new or greater markets within the United States for the 
greatly increased domestic production of rice. Rice production in the 
United States has doubled in the last 15 years, as a result of wartime 
disruption of rice production and trade in the Orient. If rice pro- 
ducers lose their greatly expanded foreign market, they will suffer 
losses in income that can be met only by severely curtailing production 
or finding new outlets in this country. Current research in this project 
is designed to ascertain consumer preferences for the various types and 
varieties of rice and rice products, and for different sizes and kinds of 
packages and ways of preparing and serving rice. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-31.17—Rice preferences among household consumers. To 
find out what types and varieties of rice and rice products people in 
the United States like or dislike, what sizes and cine of packages they 
prefer, and how they would rather have rice prepared and served. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Exports of rice from the United States are more than twice as great 


as they were in 1935-39, because of prea 79 of production and trade 
uction has virtually doubled. 
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This project, designed to help stabilize production by finding new 
domestic outlets, was recommended and given high priority by the 
RMA Rice Advisory Committee at its meetings in June and December 
1947, and June 1948. This survey will complement a study on the 
export market for rice conducted under another work project. 


D. FUNDS—-ANNUAL EXPENDITURES 


Consumer-preference research on rice undertaken by BAE during 
the fiscal year 1950 cost $6,500 from RMA funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Information useful to the rice producers, processors, and distribu- 
tors is contained in the report just published. Representatives of the 
rice trade and large food-distributing corporations expressed keen 
interest in the brief preliminary report issued several months earlier. 


F, SOME ADDITIONAL WORK NEEDED 


More information is needed on the availability of various forms of 
rice at retail, according to the RMA Rice Advisory Committee. Use of 
rice among industrial and institutional consumers and the reasons for 
their preferences is as important a subject for research to find new out- 
lets as the study of preferences of household consumers already made. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BPISAE, BAI, OES, PMA, FCA, RM: c-415, chapter 5, methods, equipment, and 
structures for conditioning of grain, including rice, seeds, and feeds. 

CEA—Commodity Exchange Act, chapter 35. 

FCA a-1-8, chapter 17, assistance to cooperatives handling rice. 

OFAR, chapter 23 (especialiy RM: c-2 and RM: c-544) foreign activities. 

PMA, United States Grain Standards Act, chapter 35. 

PMA, RM: c-107, chapter 5, improved packaging of rice. 

PMA, chapter 34, development of grades and standards of grain, rice, beans, 
peas, hay, straw, etc. 

PMA, RM: c—430, 431, 432, chapter 36, marketing service programs. 

PMA, chapter 34, market inspection of rice, hay, beans, peas, hops, and mis- 
cellaneous commodities. 

Chapter 32 for reports on crop and livestock estimates. 

Chapter 33 for commodity market news service. 

BAE A-2-7-5, chapter 5, analysis of current situation and outlook for food grains. 











DRY BEANS AND PEAS 
Chapter 7—Part II 


FOREWORD 


This chapter includes chiefly statements covering research on dry 
beans and peas, grouped sealed to fields of work in the production, 
utilization, and marketing of these commodities. As the table of con- 
tents indicates, these statements, more specifically, cover breeding and 
disease investigations, insect problems, and certain phases of research 
in the use and marketing of dry beans and peas. Cross-references at 


the end of each main section of the statements provide leads to other 
closely related work. 
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A. PRODUCTION 


Pea anp Bean Diseases AND IMPROVEMENT 
(BPISAE—b-4-3—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Determine the nature and behavior of the agents causing 
diseases of peas and beans, and (2) develop methods of eliminating 
or reducing field and market losses from diseases. Basic work on the 
fungus, bacteria, virus, or other cause of disorder is followed by efforts 
at control. Spraying, dusting, and seed treatment with chemicals, 
breeding for resistance, cultural management, cropping systems, and 
other measures are used. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b+-3-1—Diseases of snap beans including identification of fungi, 
bacteria, and viruses together with their races or variants, occurrence, 
etc. To find out the nature and habits of the agents that cause diseases 
in order to help develop ways of avoiding or controlling them. 

b4-3-2—Breeding of improved disease-resistant snap bean varie- 


ties. To develop varieties of snap beans that will resist specific dis- 
eases and therefore produce higher yields and better quality than 
those now available. 

b-4-3-3—The development of bean disease control methods other 
than breeding. Pending the development of resistant varieties, to de- 
velop improved disease-control measures such as spraying or dusting 
with fungicides, chemical seed treatment, special cultural methods, 
field or soil management, and cropping systems. 

b+4-3-4—Control of lima bean diseases by breeding. To develo 
varieties of lima beans that are resistant to specific diseases and which 
will produce better yields and quality than those now available. 

b-4—3-5—Breeding curly-top resistant beans, Objectives are the 
same as for b-4-3-2 above, except that they are directed primarily to 
developing curly-top resistant snap beans suitable for commercial cul- 
ture in those western areas where curly-top causes serious losses or 
prevents successful culture. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of the nature and efforts to control pea and bean diseases go 
back to the early 1900’s. Prior to 1930 major emphasis was on the 
nature of the fungi and bacteria that attacked these crops, and on 
chemical, cultural, and other artificial means of control. During the 
past 20 years increasing amounts of work have been done on the 
numerous virus diseases that affect beans and peas and the breeding 
of resistant varieties has become the most desirable method of disease 
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control. The frequent appearance of entirely new forms of virus and 
rust compels continuous study and experimentation to hold losses 
down. In the program of breeding for disease resistance, selection is 
also made for improvements in yield and quality. The seed processing, 
market garden, and dry pea and bean industries depend to an increas- 
ing degree upon the technical guidance and accomplishments afforded 
by this work because of the increasing complexity and difficulty of 
problems of maintaining yield and quality. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Realinements of work and changes in organization in the past 30 
years make accurate estimates of expenditures in the earlier years 
impracticable. Expenditures during the 1920’s probably did not ex- 
ceed $20,000 a year; during the 1930’s they d up to $35,000 to 
$40,000 and during the 1940’s up to $65,000. eealivened in 1950 
were $76,430. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Disease-free seed.—W ork under the project was instrumental many 
years ago in guiding the transfer of the seed bean industry from the 
humid East where seed-borne diseases are prevalent, to the irrigated 
districts of the West where seed relatively free of certain serious dis- 
eases has since been produced—one of the least expensive but most 
successful disease control measures ever accomplished. 

Sulfur to control bean rust.—Methods were developed for obtaining 
a high degree of control of rust on beans at low cost by using dusting 
sulfur. 

Virus diseases of beans and peas.—The identity, nature, range of 
plants harboring them, and other essential facts about a large number 
of disease-causing viruses have been developed, together with measures 
for minimizing the losses due to some of them. These technical guides 
are basic to further controls, 

jean disease monograph.—A monographic study of bean diseases 
and their control, recently published, is the outstanding guide in this 
field in this country for scientists and bean producers. 

Resistance to bean mosaic and other viruses.—This project has pro- 
duced and shared in production of many important mosaic-resistant 
varieties of snap beans. In addition to the high-quality disease-re- 
sistant varieties now grown commercially, others are in course of de- 
velopment that are resistant to less prevalent viruses which appear to 
be on the increase. As new viruses appear, resistance is sought and if 
found the mode of inheritance is determined and resistant breeding 
stocks developed as soon as possible. 

Rust resistant beans.—The bean rust problem is somewhat analo- 
gous to that of wheat rust, in that many strains exist and new forms 
arise frequently. Varieties have been produced that are resistant to 
more than a dozen of the twenty-odd forms known. 

Curly-top resistant snap bean.—The only curly-top resistant sna 
bean available was produced a few years ago. Other new sorts muc 
superior in quality to the first one are now under commercial test and 
one or more probably will be released soon. 

Superior lima beans.—Although not resistant to disease, several 
lima beans of superior yielding ability, high quality, and tolerance to 
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adverse conditions have been released in the past 10 years. One of 
these has attained major importance and all are grown commercially. 


F. SOME ADDITIONAL WORK NEEDED 


Development and evaluation of interspecies beans.—No resistance 
to certain diseases has been found in common field and snap beans 
or lima beans, but may be available in other species. Studies of disease 
reactions among related species are needed with a view to attempting 


interspecies crosses, for which special methods will probably have to 
be developed. 


Bean Insect INVESTIGATIONS 


(BEPQ—I-d-1—F ederal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop and improve insecticides to 
control, effectively and at a low cost, the bean pests which occur 
commonly in the eastern coastal region, such as the Mexican bean 
beetle, corn earworm, potato leafhopper, two-spotted spider mite, 
bean leaf beetle, thrips, bean looper, and clover leafworm. Currently, 
work is under way to devise methods for the control of each of these 
pests when they occur alone, or when two or more of them are at- 
tacking the bean crop at the same time. In addition, information is 
being obtained on the most effective time of application of each of 
the insecticides tested. Especial consideration is being given to the 
avoidance of harmful insecticide residues on the market product in 
the development of remedies and spray schedules, and to the effect of 
each of the materials on the plants, on the soil, and on the operator. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-1-1—All-purpose insecticides for bean pests. 'To develop an in- 
secticide, or combination of insecticides, that will control the prin- 
cipal insects and related pests, such as spider mites, that damage the 
foliage and pods of beans. 

I-d-1-2—Schedules of treatment for bean pests of long-season bean 
crops. To determine the most effective schedule of application of 
insecticides for the control of insects and related pests on pole beans. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on the control of insects affecting beans became a large- 
scale project when the Mexican bean beetle started to devastate bean 
fields in the East in 1920. 

This insect, known as a minor pest of beans for many years in 
Colorado and New Mexico, made its appearance in outbreak numbers 
in Alabama. It soon became evident that this outbreak constituted 
a menace to the bean crop of the Eastern States. Control of the 
Mexican bean beetle was the only hope of home gardeners and com- 
mercial growers continuing to produce beans successfully. The in- 
sect spread rapidly. Within a period of 10 years it had caused damage 
over most of the Eastern States It is still the maior pest of beans in 
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most Eastern States. In 1946 an outbreak occurred in southern Cali- 
fornia, which still has not been stamped out. 

To prevent loss of crops from this pest, large-scale testing of in- 
secticides was started in 1921. Parasites and predators were > sought 
in Mexico, the original home of the beetle. Tibiatoes headquarters 
were established at different points as the pest spread to test the con- 
trol remedies under different bean-growing Sinthitions: 

The insect feeds on the foliage throughout the season, so the prob- 
lem involved the development of a control schedule that would pro- 
tect the crop and not leave a poisonous residue of insecticide on the 
bean pods. Calcium arsenate at first was an acceptable remedy when 
applied before the pods set, Calcium arsenate did not remain accep- 

table, however, since it caused serious injury to the bean crop under 
certain weather or climatic conditions and with different types of 

-alcium arsenate. Magnesium arsenate was then developed as a spe- 
cific remedy to meet the situation, but poisonous residue was as great 
as with calcium arsenate. Pyrethrum, a nonpoisonous material, was 
too expensive for general use. Many compounds were tested during 
the course of the investigation, including all the arsenicals, several 
fluorine compounds, and ‘the barium salts—even epsom salts. DDT 
is not effective against the bean beetle. Even mechanical means of 
collecting the beetles or knocking them from the plants were also 
tested. 

The best control of the Mexican bean beetle as a pest of the snap- 
bean crop was the development of rotenone insecticides through the 
use of ground roots of derris and cube as sprays or dusts. These 
materials have little residual action and are not very effective against 
other bean pests. 

Funds during the first year of the insect’s occurrence in the East 
were appropriated for quarantine against the insect. It was soon 
recognized that its spread could not be stopped because the pest is 
a ready flier even in the presence of food. The money appropriated 
for this purpose was returned to the United States Treasury. 

It became obvious during the course of these investigations on the 
bean beetle that other insec cts, such as the corn earworm, potato leaf- 
hopper, and the two-spotted spider mite and others, also claim a heavy 
annual toll from the bean crop. The work on the bean beetle has been 
curtailed during recent years and emphasis placed upon the develop- 
ment of satisfactory remedies for the control of the other bean in- 
sects. Newer insecticides are being tested extensively against all these 
pests. 

D. FUNDS—ANNUAL EXPENDITURES 


Approximate annual hee for successive 5-year periods 

were : $33,000 for 1921-25, $34,000 for 1926-30, $41,000 for 1931-35, 

$97,000 for 1936-40, 27.000 a 1941-45, and $7,000 for 1946-50. Ex- 
penditures in 1950 were $7,000. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Rotenone insecticide developed for control of Mewican bean 
beetle-—A highly successful remedy for the control of the Mexican 
bean beetle was developed, consisting of spraying or dusting with an 
insecticide prepared from the ground roots of two tropic: cal plants 
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known to the trade as derris and cube, which contain rotenone. This 
remedy, with directions as to its use, was made available to the public 
by means of a USDA Farmers’ Bulletin. 

The discovery that rotenone in minute quantities controlled the 
Mexican bean beetle was of particular importance to the green bean or 
snap-bean growers. Dosages of the insecticide sufficient to control 
the pest left no deposit on the bean pod or foliage that was detrimental 
to man or beast. The general use of this material instead of arseni- 
cals removed the health-hazard risk to the consumer and the possibility 
of a grower’s product being condemned when marketed because of 
poison spray or dust deposits. During World War II an amount of 
rotenone insecticides was used which was sufficient to treat 240,000 
























4 acres of beans. This discovery led to other fields of research, which 
; resulted in the widespread use of rotenone insecticides on leaf vege- 
| tables and some fruits. 
: Experiments against the Mexican bean beetle showed for the first 
4 time that various types of calcium arsenate insecticides caused dif- 
: ferent effects on plants and insects, resulting in material savings to 
b growers, and to manufacturers of these products. Magnesiwm arse- 
3 nate was developed as a remedy for the Mexican bean beetle in these 
4 experiments. 
iS Hopperburn controlled——Ilt was shown from this research that 
z hopperburn, a bean disease which is caused by the potato leafhopper, 
ey could be controlled by treating the crop with bordeaux mixture. A 
BY sulfur-pyrethrum dust was also shown to be effective against the 
cs potato leafhopper. a serious pest of beans in the early producing 
i areas of the Southeast. 
E It has been demonstrated that rotenone insecticides impart to the 
F bean plant some substance by absorption which discourages feeding 


by the Mexican bean beetle. 

Rotenone insecticides’ effectiveness increased by addition of oil 
and synergists—It was demonstrated that the addition of small quan- 
tities of either mineral or vegetable oil to rotenone insecticides in- 
creased their value as insect killers. The addition of synergists known 
as piperonyls increased the insecticidal action of low rotenone con- 
tent dust mixtures, thereby reducing cost of rotenone. 

Cryolite developed as a control for corn earworm.—Cryolite was 
shown to be effective against the corn earworm on bush lima beans. 

Dual-purpose remedy successful in coastal region for several bean 
pests —A dust combination containing rotenone, DDT, and sulfur 
has been successful for the control of such pests as the two-spotted 
spider mite, corn earworm, and Mexican bean beetle when attacking 
the crop at the same time. 

Equipment iM Prove d for applying insecticide dust to beans.—A 
scoop nozzle was developed for applying insecticides to the under- 
side of bean leaves from power machines. 


Eek a> 


F. SOME ADDITIONAL WORK NEEDED 





Investigations on aphids, red spider mites, and thrips as carriers of 
diseases on beans needed.—Several species of aphids and thrips are 
known to be carriers of various diseases affecting beans. This prob- 
lem is especially critical on beans grown for seed. It is suspected 
that other species of insects and related forms, such as red spider 
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mites, may also be responsible for starting and spreading diseases of 
beans. There is urgent need to determine, in cooperation with plant 
pathologists, which of the species of insects or spider mites occurring 
on beans act as carriers of disease and to develop methods for the 
control of the responsible species. 

Control measures needed for the lima-bean pod borer.—Investiga- 
tions conducted during the period 1931-43 yielded much necessary 
information on the habits of the lima-bean pod borer, and showed 
that cryolite is fairly effective against this insect. There is a critical 
need for reopening these investigations to determine the value of 
the newer insecticides in combating this pest. The lima-bean pod 
borer has caused serious damage in lima bean fields of southern Cali- 
fornia during recent years. 

Bean cutworm control method needed.—The bean cutworm has 
caused serious damage to the growing bean crop during recent years. 
It also damages the partly mature beans after they are stacked or 
windrowed. It is of particular importance on the sandy soils of 
Idaho and Colorado. 

Lygus bug control method needed.—Lygus bugs have been causing 
injury to the foliage and seeds of lima beans for several years in 
southern California. They cause pitting and malformation of the 
bean seed. This results in material loss in yield and quality. An 
investigation is required to find a safe, effective insecticide for Lygus 
bug control as well as the most effective time of its application and 
its effect on the bean crop. 

Seed-corn maggot control method needed.—The seed-corn maggot 
is a serious pest of beans wherever this crop is grown. It has caused 
extensive losses to the bean crop in New York. Michigan, and Cali- 
fornia in recent years. There is no satisfactory control measure known 
for this pest. Time of planting, planting a surplus of seed, soil 
condition, and fertilization have brought some measure of control. 
An effective seed treatment is needed as a solution to the problem. 

Cowpea curculio control method needed.—The cowpea curculio is 
a serious pest of blackeyed peas grown for human consumption. It 
infests the edible seeds and not only renders infested seeds unfit for 
human food but also incurs the risk of seizure by health authorities 
because of its contamination of the canned product. No satisfacto 
control for this pest has been devised and little or no work on this 
problem, which has limited the supply of canned blackeyes from the 
South, has been done. 


Pra Insect INVESTIGATIONS 


(BEPQ—I-d-4—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to discover and develop the most effec- 
tive and economical insecticide treatment for the control of insects 
attacking peas. Currently, the major emphasis is on the pea weevil 
and the pea aphid on the green pea and the weevil on the dry pea 
crops. 

The current research is designed to obtain information on the most 
effective time of application of each of the insecticides tested and 
the best equipment to use in applying the insecticides and to deter- 
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mine important facts regarding the habits of these insects that are 
needed for the development and application of control measures. In 
the development of remedies and insecticide application schedules 
especial consideration is given to the avoidance of harmful insecti- 
cide residues on the marketed product, and to the effect of each of 
the materials on the plants, on the soil, and on the operator. Where 

a vines are destined for use as feed for dairy animals or animals 
Seine finished for slaughter, consideration is given as to whether the 
insecticides applied to the growing crop will remain on the harvested 
vines to such an extent as to contaminate milk products and meat. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d+4-1—Evaluation of DDT and other new insecticides for pea 
weevil and pea aphid control in the West. To develop, under condi- 
tions existing in the West, a schedule of insecticidal control of the 
pea weevil and the pea aphid by use of materials which give an 
effective and economical control and will not cause a health hazard. 

I-d-4-2—Methods of applying insecticides for pea weevil and pea 
aphid control. To compare the relative effectiveness of various types 
of ground equipment, including such equipment as hand-operated and 
power-operated dusters and sprayers, mist blowers, aerosol dispensers, 
and various types of aircraft, in applying insecticides for pea weevil 
and pea aphid control. 

I-d-4-3—Criteria as to the need for and economy of pea weevil 
control measures. ‘To determine by experimentation the number of 
pea weevils in pea fields grown for canning or other processing, and 
in pea fields grown for dry seed, that constitute a weevil hazard to 
the pea crop sufficient to warrant insecticide applications. 

I-d-4-5—Evaluation of DDT and other new insecticides for pea 
aphid control (in the East). To develop, under conditions existing 
in the East, a schedule of insecticidal control of the pea aphid by 
use of materials which give an effective and economical control of this 
insect and will not cause a health hazard. 

I-d-4-7—Ecology of the pea aphid. To study the pea aphid prob- 
lem under dry-land conditions in Washington and Oregon to deter- 
mine the relation between reduction in yield of the pea crop caused 
by the pea aphid, by pea diseases, and by unfavorable weather, respec- 
tively. Also to obtain information on the habits of the pea aphid 
that will aid in the most effective timing of insecticide applications. 


C. HISTORY AND EVOLUTION OF THIS WORK 


There are two widespread pests of importance which affect the pro- 
duction of peas, namely, the pea aphid and the pea weevil. The pea 
aphid is a universal] pest of peas and also attacks clovers, alfaifas, and 
other legumes. It maintains itself by sucking the plant sap. Yield 
and quality are reduced directly by its feeding and indirectly from 
plant diseases in transmits. 

The first outbreak of the pea aphid occurred on the Atlantic coast 
in 1899, causing a crop loss that year of $3,000,000. It remains a pest 
of annual importance in one pea-growing area or another in the 
United States. Through the demand of canning interests and pea 
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growers, an investigation to develop methods of combating the pea 
aphid on the cannery crop was started in 1923 with headquarters at 
Madison, Wis. From 1916 to 1927 studies in a limited way were con- 
ducted on the biology and control of this pest in California on the cro 
grown for the green market. Prior to this period the studies on this 
pest were confined to the small-scale control tests with kerosene emul- 
sion and nicotine as insecticides and mechanical devices to kill the 
aphid in Maryland and Virginia. This work has continued, the 
emphasis of the investigation being placed on the development of an 
effective economical control of the aphid. Insecticides prepared from 
a wide range of chemicals were tested in the dust, spray, and aerosol 
forms, together with the testing of different types of machines for 
applying an effective dosage of the insecticide. Mechanical devices 
for collecting the aphids were designed and tested. 

Accompanying the increase in acreage of peas for processing in 
Washington and Oregon, outbreaks of the aphid occurred to plague 
the new industry and, with financial aid from the Northwest Canners 
Association, an investigation on the control of the aphid under the 
conditions obtaining in that area was commenced in 1947. 

During the course of these investigations several remedies have 
been developed which have brought a measure of rehef to the grower 
and canner. From the early days of the use of nicotine as a remedy, 
followed by rotenone dust, and, currently, with DDT and parathion, 
the degree of control exerted on the aphid has varied with the season 
and with the region. To keep the grower in all of the pea-growing 
States currently informed as to the results of the research, special con- 
ferences were held each year with the State workers and special bulle- 
tins issued on the latest findings as to the most effective control and the 
period during which the crop should be treated. Pea canners in most 
areas now are prepared to apply insecticides or have them applied 
by the use of ground machines or airplanes as a result of this work. 
A liaison service on aphid conditions is maintained between State and 
Federal agencies and canning organizations. The importance of time- 
liness of application has been recognized and the canners have trained 
personnel who survey the pea fields for aphid infestations. During 
1948 and 1949, a total of 166,000 acres of peas were treated in Wiscon- 
sin at an average cost of $3.75 per acre for material alone. 

The pea weevil feeds within the developing pea in the pod. Infested 
peas are about two-thirds weevil grub at harvesttime and are of no 
value for sale as food for man. Infested green peas, canned or quick- 
frozen, have been declared unfit for human consumption by health 
authorities. 

The production of seed and dry peas was practically abandoned in 
the eastern areas because of the pea weevil. In the early 1920’s a new 
industry in dry pea production was started in the Northwest. The 
concentration of dry pea production in this area produced a pea 
weevil problem similar to that which occurred in the Eastern States. 

An investigation was started in 1930 to develop a method for the 
control of the pea weevil as a pest of dry peas. The work was ex- 
panded in 1936 to include the control of the pest in green peas grown 
for canning or processing. The peas produced in the Oregon-Wash- 
ington area were of a particularly high quality and the discovery that 
the processed product was contaminated with weevil grubs was a near- 
fatal blow to this new industry. To save the industry, early control of 
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the weevil was essential. Through combined efforts of State and Fed- 
eral entomologists, aided financially and otherwise by the Northwest 
Canners’ Association, a method was worked out within a period of 
3 years which was satisfactory. Its success depended upon timeli- 
ness of applying the insecticide. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures have been fairly constant except for material 
increases in the fiscal years 1925, 1931, 1938, and 1948. They averaged 
about $3,000 from 1916 to 1924, $8,000 from 1925 to 1930, $19,000 from 
1931 to 1937, and $33,000 from 1938 to 1947. Expenditures were ap- 
proximately $52,000 in 1948, $55,000 in 1949, and $48,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Tested insecticides and developed formulas that will give practical 
control of the pea aphid.—During the course of these investigations, 
nicotine sprays and nicotine dusts were developed which gave control 
of the pea aphid under certain conditions. Rotenone insecticides, par- 
ticularly in the dust form, with a special form of talc, were more 
effective under adverse weather conditions than the nicotine prepara- 
tions. DDT insecticides were developed and applied with success 
us dusts, sprays (emulsions and wettable powders), and aerosols. 
However, the durability of DDT introduced a factor of undesirable 
residues on the pea vines used as ensilage for milk animals. Normal 
feeding of such ensilage resulted in traces of DDT being secreted with 
the milk. This hazard was largely overcome by the timing of applica- 
tions and reduction in the amounts of DDT used per acre in treating 
for peaaphid. Parathion, one of the latest materials used as an insec- 
ticide, has yielded excelleat results against the pea aphid. In the dust 
or spray form used in dosages fatal to the aphid, parathion leaves no 
dangerous residue on the pea vines. However, its immediate effect on 
man and animals is such that extreme caution must be exercised in 
treating pea fields to prevent accidental poisoning of the operators 
of spraying or dusting equipment. 

Deve loped and improve d €q uipment for application of insecticides 
which resulted in more effective control of pea aphid —Experimental] 
work has shown that weather conditions at the time of application of 
the insecticides affected results and that wind was the most important 
factor when dusts were used. A trailer or apron has been devised that, 
when attached to the dusting machine, results in effective application 
in wind movements up to 10 to 12 miles per hour. Unequal output 
of dust from the nozzles of the duster and the amount of dust discharge 
from the duster per acre affects adversely aphid control. These faults 
have been corrected to a marked extent by manufacturers of equipment 
accepting the results of our research on more efficient equipment. 

Lhe development of sampling methods as an index to the necessity 
of aphid control has led to a greater protection of the pea canning 
crop.—Research work on infestations of aphid in pea fields, as deter- 
mined by standardized sampling methods, yield information on aphid 
populations in relation to crop damage that leads to more effective 
crop protection from the standpoints of both quality and yield. Can- 
ners have adopted the sweeping-with-an-insect-net method developed 
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for sampling of pea fields and as a result start control operations 
before the aphid damage gets under way. During the course of these 
investigations a self-recording rain and wind gage device which needs 
attention only weekly was developed. From its use valuable data were 
obtained on the effect of weather on aphid development and control 
operations. 

Developed control for the pea weevil.—This pest of long standing is 
now controlled and no longer a threat to the pea-processing and can- 
ning industry of the Northwest. The development of the rotenone 
insecticides and the demonstration of methods of its application to 
the pea crop grown for canning or quick-freeze purposes has elimi- 
nated the pea weevil as a threat to the successful to uction of green 
peas in the West. Efficacy of remedies is attested to by the fact that 
in 1938 the frosted-food industry was on the verge of abandoning the 

uick-freezing of peas in Oregon. Today a large number of quick- 
reeze pea processors have been established in the pea weevil-infested 
areas of Washington, Oregon, Utah, and Idaho. 

Determined that knowledge of time of weevil emergence from winter 
quarters and the number of weevils per acre in pea fields was essential 
to adequate control of the pea weevil_—The relation of the number of 
adult weevils per acre to the number of infested peas at harvesttime 
has been established and a dependable sampling method has been devel- 
oped, which consists of sweeping blossoming peas with a hand net at 
the borders of the field for the presence of overwintering weevils. 
This method is being generally used by canners’ field men as a means 
of determining which fields are in need of treatment with the insecti- 
cide to prevent weevil contamination of the harvested product. 

Developed a high-powered duster equipped with a bowlike trailer 
extended to cover 40 feet in one run across the pea fields which aids 
in a rapid and effective application of the insecticide-—This develop- 
ment was of especial importance in the large pea-growing areas 
where time is a deciding factor between adequate and inadequate 
control of the pea weevil. 

DDT proved effective as a pea-weevil killer —DDT in dust formula- 
tions was shown to be very effective against the pea weevil, but its use 
leaves undesirable residues on pea foliage. Thewaver: this material 
has been used extensively on the dry pea acreage for weevil control 
where the pea vines are not used as forage for dairy cattle. 

Methowychlor demonstrated as a possible substitute for rotenone 
insecticides.—Three years’ results with methoxychlor have shown it to 
be as effective against the pea weevil as rotenone and DDT and indi- 
cations are that the residues which are left on the vine will be of little 
consequence. The material apparently deteriorates rapidly under 
atmospheric conditions. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the current research there is an immediate need for 
investigations of aphids and other insects as carriers of diseases on 
peas.—Several species of aphids are known to be carriers of various 
plant diseases affecting peas. It is suspected that other species of in- 
sects, such as thrips, leafhoppers, and related forms, such as red spider 
mites, may also be responsible for starting and spreading diseases 
of peas. ‘There is urgent need to determine, in cooperation with plant 
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pathologists, which of the species of insects or spider mites occurring 
on peas may act as carriers of disease and to develop methods for the 
control of the responsible species. 

Investigations on the pea moth, a pest of potential importance to 
the whole pea industry in the Northwest and northern Wisconsin. This 
insect has limited the production of dried peas in Snohomish and 
Skagit Counties of Washington. To prevent damage to the green 
pea crop, State regulations prohibit the growing of dry peas in these 
counties. A study of this insect and measures for its control is needed 
to protect other pea-growing areas if and when it spreads. 


ConTrou oF THE Beer Learuoprer (WHITEFLY) AS THE CARRIER OF 
Virus or Curty Tor Disgase To Beans 


(BEPQ—RM: b-425—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to determine if control of beet leaf- 
hoppers as carriers of curly-top disease to beans grown for seed in 
southern Idaho can be accomplished by killing the insect on weeds in 
the range and desert areas and on abandoned and burnt-over land. 
Eighty percent of the seed for the production of green beans grown 
for canning and freezing and the fresh market are produced in south- 
ern Idaho. 

The nature of the current work consists of a pre-determination of 
the most likely areas to carry significant populations of the leaf-hop- 
per over winter, which then will be kept under observation. When 
the leafhopper becomes active and weather conditions favorable in 
the spring, the weed growth supporting the leafhoppers will be 
sprayed with a DDT preparation. In any event, the spray will be 
applied before the leafhoppers start to move into cultivated areas. 

omparative counts of the leafhopper before and after treatment yield 
the percentage of kill of the insect. Later, the occurrence of curly 
top in the bean fields will be recorded and these data compared with 
leafhopper and curly top conditions of the previous 15 years. Experi- 
ments will be conducted with different types of applicators and killing 
agents. No materials will be used that are detrimental to range stock 
or cultivated crops. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-425-1—Seasonal survey to determine abundance and distri- 
bution of beet leafhopper and its wild host plants in southern Idaho. 
Surveys are made in the late summer, fall, and spring and the im- 
portant breeding areas mapped to aid in the application of insecti- 
cides. These areas are continually shifting and changing in im- 
portance, 

RM: b-425-2—Development of a more efficient insecticide for beet 
leafhopper control in wild host areas under unfavorable climatic con- 
ditions. Insecticide applications must begin in early spring when at 
times 10 to 15 percent of the insects survive the best available treat- 
ments. Attempts are being made to improve the insecticide mixture. 

RM: b-425-3—Development of effective methods of applying in- 
secticides to beet leafhopper-infested breeding grounds. Tests will 
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be made of such types of equipment as turbine blowers, vaporizers, 
conventional power dusters or sprayers, and aircraft sprayers and 
dusters. 

RM: b-4254—Evaluation of spraying desert weed hosts of beet 
leafhopper. To determine if the seed crop of beans in Idaho can be 
protected from curly-top disease by insecticides applied to the breed- 
ing areas of the leafhopper. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Surveys have been made of the breeding areas of the beet leafhopper 
in southern Idaho each year since about 1930 under Work Project 
I-d-10 chapter 16. These surveys indicated the feasibility of con- 
trolling the beet leafhopper in the weed hosts, in the cultivated areas, 
and in nearby desert breeding areas before the leafhopper moves to 
the bean fields where control measures have not been successful. Work 
was begun in 1949 to develop equipment suitable for spraying these 
areas with insecticides. Tests were made of turbine blowers and an 
airplane sprayer. The effectiveness of pyrethrum-in-oil was com- 
pared with DDT sprays. An attempt was also made in 1949 to con- 
trol the leafhopper in the breeding areas nearest the bean fields to 
decrease the number of leafhoppers that reach these fields with virus 
of the curly-top disease. These control operations were greatly ex- 
panded in 1950. Studies were also begun in 1949 to develop a method 
of measuring the value of these control operations in protecting the 
bean crop from curly-top disease. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures were about $39,000 in 1949 and $37.500 in 1950 
Uxpenditures were about $39,000 in 1949 and $37,500 in 1950. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstrated that beet leafhoppers could be killed in desert breed- 
ing areas.—Turbine blowers were equipped with 4-gallon-per minute 
hydraulic pumps and USDA air broadcast nozzles and mounted on 
high-powered trucks. An average of 92 percent of the leafhoppers 
were killed in 2,625 acres of weeds in the spring of 1949 with this 
equipment applying pyrethrum-in-oil. Three of these machines were 
used in the spring of 1950 to spray 14,925 acres of weeds with DDT 
emulsion. An average of 94 percent of the leafhoppers were killed. 
It was also shown that the leafhoppers could be killed with DDT 
spray applied by aircraft. 


F. SOME ADDITIONAL WORK NEEDED 


Larger acreage should be sprayed.—In addition to current research, 
the breeding areas of the leafhopper in southern Idaho greatly in- 
creased from 1948 to 1950 because of the spread of Russian-thistle to 
large areas that were burned over during World War II. The im- 
portant Russian-thistle acreage increased from 8,000 acres in 1948 to 
80,000 acres in 1950. Plans were to spray about 10,000 acres in 1950 
whereas it developed that 45,000 acres or more should have been 
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sprayed. Only the 14,925 acres nearest the bean-growing area could 
be sprayed with the facilities available. 

Survey should be extended to the Columbia River valley area to de- 
termine the feasibility of spraying weed hosts in that area for the con- 
trol of the leafhopper. 

CROSS REFERENCES 


For additional information especially pertinent to subjects reported on this 
chapter, see also: 
BEPQ—I-d-10, Chapter 16, sugar beet insect investigation. 
BEPQ—I-d-11, Chapter 14, wireworms. 
BEPQ—I-d-18, Chapter 14, seed-corn maggot. 
BPISAE—q-2-2, Chapter 38, plant disease survey. 
BPISAE—RM: b-111, Chapter 38, introduction and testing of new plants, ete. 
BPISAE—b-4-7, Chapter 14, vegetable production in the Great Plains. 


B. UTILIZATION 


DEVELOPMENT OF New AND Improvep Foop, Freep, anp InpustTrRIAL 
Users For Driep Brans anv Pras, ANb Spiits AND Cutis THerEerRoM 


(BAIC—RM: a-67—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods of improving both the initial and keeping quali- 
ties of dry beans and peas, and to produce new food and nonfood 
products from them. The current work is particularly concerned 
with the keeping and processing pean of disease-resistant strains 

ec 


of beans, that are being developed by State agricultural experiment 
stations, and with a search for new food and nonfood uses for dried 
beans and peas. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-67-1—The effect of composition, storage, age, and process- 
ing variables upon the quality of cooked and canned dry beans and 
peas. ‘To learn how storage temperature, humidity, and atmosphere 
(nitrogen, oxygen) influence the storage life of beans as determined 
by changes in their processing quality (texture, flavor, and color of 
cooked and canned beans) ; to devise methods for improving the eat- 
ing quality of processed beans; and to determine processing quality 
of new varieties of beans in cooperation with State agricultural ex- 
periment stations. 

RM: a-67-2—Preparation and characterization of the components 
of dried peas and beans. To investigate methods of isolation, prop- 
erties, and uses of the amylose, amylopectin, and protein components 
of dry beans and peas in order to ei ei their industrial possibili- 
ties. Amylose, in particular, which is one type of starch, can be con- 
verted into films and other unusual starch products. 

*Preparation of new food products from dry beans and peas. To 
develop desirable new food products from dry beans and peas in order 
to increase the consumption of these crops. 


*Line of work for which no symbols have been assigned. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The dry bean and pea growers of this country were encouraged to 
grow much larger quantities of beans during World War II. For this 
reason, production is much higher than it was previous to 1940, and 
larger stocks of beans are carried over from one year to the next. The 
present research program was initiated in 1948 to find means for 
increasing utilization both as food and industrial raw material. 

In connection with the expansion of the dry-bean industry, new 
disease-resistant strains of beans are being developed by some of the 
State agricultural experiment stations. The plant breeders have been 
interested primarily in disease resistance and productivity, and only 
recently have the processing qualities of the new disease-resistant 
strains been considered. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual expenditures on this project have been approximately 
$40,000 for each of the three fiscal years of its existence—1948-50. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Processing qualities of disease-resistant strains of Great Northern 
beans.—Variation in the processing qualities of six strains of Great 
Northern beans, developed for disease-resistant properties, was shown 
to be primarily due to differences in the seed coats. Some strains con- 
tained more than 50 percent of beans having seed coats that prevented 
the uptake of water on soaking. This lack of uniformity lowered the 
processing quality when the beans were treated by the usual commer- 
cial canning procedure. A simple method of treatment to overcome 
this poor processing quality has been developed. 


F. SOME ADDITIONAL WORK NEEDED 


New uses for peas and beans.—While progress has been made on 
the use of peas and beans in the preparation of snack-food items, dried 
soups, etc., an expansion of the work on new food uses for peas and 
beans is needed. The RMA Dry Beans and Peas Advisory Committee 
has emphasized the need for new uses for these commodities, in order 
to reduce the carry-over stocks. A large lima bean growers’ coopera- 
tive has recently requested that studies be initiated on the prepara- 
tion of canned lima bean soup. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BAIC—RRL-3-12, Chapter 14, utilization of dried beans. 


BHNHE—RM: a-12, Chapter 29, food utilization and preparation. 
BHNHE-—RM: a-345, Chapter 29, distribution of nutrients in foods. 
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C. MARKETING 
IMPROVEMENT OF Packaaine or Dry Beans, Pras, anp Rice 
(PMA-RM-c-107—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To improve consumer acceptance and reduce spoilage and deteriora- 
tion of dry beans, peas, and rice by improving their packaging. Cur- 
rent work includes: (1) Determining the most suitable weights and 
kinds of transparent packaging filma now in use for each size of pack- 
age; (2) determining the kind of film that will best filter out light 
rays which bleach green and yellow split peas; (3) determining which 
kinds of film are best for repelling insects and studying methods of 
treating the film to eliminate insect infestation of beans and rice; (4) 
improving shipping cartons for dry beans, peas, and rice so as to re- 
duce the breakage of transparent film bags during shipment. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-107-1—Preferred types and sizes of dry bean containers. 
To determine trade experience in the use of different types and sizes 
of packages and, through retail tests, determine and make available to 
the dry edible bean industry and other interested groups information 
regarding the most suitable types and sizes of packages. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the past 8 or 10 years there has been a general shift from 
bulk to consumer-size packages in the merchandising of many com- 
modities, including dry beans, peas, and rice. The trend recently has 
been away from kraft and solid cartons to cellophane window and 


all-cellophane a Many id san and sizes of containers have 
di 


been used by different packaging firms in different sections of the 
country. This led to a request from shippers, wholesalers, and retail- 
ers for studies of the most suitable types and sizes of packages for the 
economic distribution of beans, peas and rice, and such studies are 
being carried on under this project. 

Transparent packaging films used in automatic bag making, bag 
filling and bag sealing machinery have not proved satisfactory under 
all conditions. Information has been requested by dry bean, pea, and 
rice packagers as to the reasons for failure of heat seals and as to the 
proper handling and storage of packaging film. The optimum mois- 
ture content of rice and the humidity of air at the time of packaging 
are factors in the packaging of rice that affect quality. Rice also 
checks and discolors, and it is believed that inferior types of film may 
contribute to these defects. Answers to these problems are being 
sought through this research. 
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D. FUNDS--ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $11,450; 
1949, $14,900 and 1950, $18,200, 


E, EXAMPLE OF OUTSTANDING ACCOMPLISHMENTS 


The studies showed that sales of packaged dry beans, peas, and 
rice have usually been greater than sales from bulk supplies, and that 
the quality of the goods sold in transparent film bags was usually 
higher than that of the bulk stocks. Therefore, if more retailers 
offered these products in packaged form, market outlets might be 
expanded. It was found that consumers sometimes mistake a package 
containing somewhat less than a pound of these products for a full 
pound package, and there was already a trend toward elimination of 
packages containing slightly less than a pound; this also might result 
in better consumer satisfaction. Of value asa guide to the trade were 
findings that there is a definite trend toward transparent packaging 
materials and away from solid cartons and kraft packages, probably 
indicating the consumers’ preference. The heat-sealed type of trans- 
parent packaging film was preferred in the trade, so as to take advan- 
tage of the economies resulting from use of automatic bag making, 
filling, and sealing equipment. 


F. SOME ADDITIONAL WORK NEEDED 


Members of the RMA Rice Advisory Committee are interested in the 
development of improved automatic packaging equipment. An im- 
proved type of moisture-proof film will be necessary if the automatic 
heat seal is to be used successfully. More research is needed to develop 
film that will be satisfactory both from the standpoint of durability 
and eye appeal and in preventing checking or cracking of rice kernels 
when exposed to bright light. 

The shippers of dry peas are especially interested in determining if 
slightly colored film would be satisfactory for packaging split and 
whole peas to prevent bleaching on retail store shelves. Additional 
cooperative work with the industry is needed to improve packaging 
materials and techniques for rice, dry beans, and similar commodities. 


Dry Eprste Beans Anp PEaAs 
(BAE, PMA—RM: c-163-17—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing dry edible beans and 
peas, to analyze margins, thereby to provide the basis for suggesting 
ways and means of bringing about more efficient and orderly market- 
ing and reducing the price spread between the producer and the 
consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 
RM: c-163.17—Efficiency of marketing dry edible beans and peas. 


To study the structure of the dry beans and peas market, including 
methods of preparing these commodities for market; to study the 
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utilization and the demand for specific varieties of beans and peas in 
different sections of the country; and to ascertain the margins and 
costs of marketing the products and such other information that will 
contribute to the efficiency of moving these commodities from the 
farms to the consumers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was requested by the Grain Advisory Committee 
to undertake this study under a contract arrangement with a private 
research agency. The original request was for a national study of 
marketing channels, margins, costs, and efficiency as they relate to dry 
edible beans and peas. The contract as developed was deemed suf- 
ficiently representative of the producing and marketing areas to be 
national in scope. 


D. FUNDS—ANNUAL EXPENDITURES 


The contract was awarded to Alderson & Sessions, market analysts, 
of Philadelphia. The total cost was $40,672. In addition to pay- 
ments under the contract, BAE and PMA personnel have spent several 
weeks preparing the eontractor’s report for publication. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The report is being prepared for publication and the findings will 
be released shortly. 


F, SOME ADDITIONAL WORK NEEDED 


This project was carried on with the understanding that it would 
meet the current needs of the industry with respect to this type of 
marketing study. The type of research that is needed in the industry 
is primarily in the area of management studies which will involve 
a consideration of the business activities of individual firms engaged 
in the processing and marketing of dry edible beans and peas. 


CROSS REFERENCES 


For additional information pertaining to subjects reported on in 
this chapter, see also: 


BAE—RM: c-163, Chapter 26, costs and margins. 

BEPQ—RM: c-156, Chapter 5, insect damage to stored grains, cereal products, 
seed stocks. 

BPISAE—RM: c—415, Chapter 5, conditioning and storing of grains. 

FCA—a-1-8, Chapter 17, cooperative marketing of special crops. 

OFAR—RM: c-2, Chapter 23, foreign activities. 

PMA—United States Grain Standards Act, Chapter 35. 

PMA—Development of grades and standards on grain, rice, beans, peas, hay, 
straw, etc., Chapter 34. 

PMA—Administration of United States Warehouse Act, Chapter 35. 

PMA—Market inspection of rice, hay, beans, peas, hops, and miscellaneous com- 
modities, Chapter 34. 

PMA—RM: c-430, Chapter 36, marketing service programs. 

Chapter 32 for reports on crop and livestock estimates. 

Chapter 33 for commodity market news service. 

BAE—A-2-7, Chapter 14, price, supply, and consumption analysis for farm 
products (vegetables). 








FEEDS AND FORAGE 
Chapter 8—Part II 


OREWORD 
This chapter on feeds and forage primarily covers research relat- 


ing to the production, utilization, and marketing of feed aries, hay, 
pasture, and forage crops, including commercial mixed feeds. Special 


attention is called to cross-references to functional or cross-commodity 
lines of work reported in other chapters which pertain directly or 
indirectly to feeds and forage. These references are shown at the 
end of each major section in the chapter. They cover a large number 
of research projects and related services which apply to groups of 
commodities. Thus, the contents of chapter 7 represent only a part 
of the Department’s work on feeds and forage. 
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A. PRODUCTION 


ALFALFA Propuction, BreepinG, Disease, AND QuaLrry 
INVESTIGATIONS 


(BPISAE—a-4—1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop superior varieties of alfalfa adapted to soil and climatic 
conditions throughout the United States, resistant to diseases, insects, 
and other hazards such as cold and drought, superior in production and 
nutritive value, and suitable for use under the various cultural and 
management practices in the production of such crops as hay, silage, 
pasture, and alfalfa meal. Foreign and domestic sources of alfalfa 
are being evaluated for direct use as an improved variety and for 
superior characteristics to be used for breeding purposes. Through 
the International Alfalfa Improvement Conference, exchanges of 
superior plants, clones, and lines among Federal and State alfalfa 
breeders are arranged, and regional and national uniform variety tests 
are carried out. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—4-1-31—Breeding and evaluation of introductions and improved 
varieties and strains of alfalfa. To breed strains and varieties with 
increased productivity and quality, adapted to specific conditions of 
use, climate, and soils, and resistant to important diseases, nematodes, 
and insects. 

a—4—1-32—Studies on the breeding behavior of alfalfa. To conduct 
fundamental genetic research on varicus varieties of alfalfa and re- 
lated species, to study mode of inheritance of characters important 
in the breeding program, and to determine the most effective and 
efficient methods of breeding improved varieties. 

a—4—1-33—-Improvement of seed production through study of the 
influences of environment. ‘lo improve alfalfa seed production 
through improved cultural, management, and harvesting practices and 
the control of destructive diseases. Control of destructive insects and 
the effects of pollinating insects on seed production are being studied 
in cooperation with the Bureau of Entomology and Plant Quarantine. 

a—4—-1-34—Cultural practices involving mixtures with grasses and 
other legumes. To develop and test various practices in alfalfa pro- 
duction in relation to their effect on stablistinent and maintenance 
of stand and productivity of alfalfa for both seed and forage. 

a—4-1-35—Harvesting, utilization, and storage of alfalfa as re- 
lated to variety, quality, and maintenance of stand. To develop pro- 
cedures that will avoid losses in nutrient quality, keep production costs 
low, and maintain and preserve the full feeding value. 
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a—4-1-36—Diseases of alfalfa, their causes, and methods of their 
control. To determine the causes of diseases that influence yield, qual- 
ity of forage, and maintenance of stands and to develop knowledge of 
life cycles of disease organisms to facilitate development of artificial 
epidemics in breeding resistant varieties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research work on alfalfa started in the Bureau of Plant Industry 
in 1905. The early experiments were designed to determine the best 
rates and methods of seeding, the best stage of cutting, the most 
effective fertilizer treatments, the relation of drainage and cultiva- 
tion to survival and productivity, and the adaptation of alfalfa va- 
rieties and strains from all parts of the world to various regions in 
the United States. Breeding work was started about 1910, but an 
intensive program was not undertaken until 1928, when it became 
apparent that the only way of successfully combating the destructive 
bacterial wilt disease was through breeding resistant varieties. Since 
that time the breeding program has received special emphasis, and 
varieties resistant to bacterial wilt have been released for commercial 
distribution. In the meantime, especially with the expansion of al- 
falfa acreage into more humid areas, and with its more intensive 
culture in all areas, other alfalfa diseases such as leafspots, leaf- 
hopper yellowing, downy mildew, black stem, stem blight, dwarf, stem 
nematodes, mosaic, and root canker have become increasingly impor- 
tant in causing losses of stands and productivity, and have necessi- 
tated increasing attention to these problems. In 1947, in recognition 
of the need for adequate seed supplies of adapted, superior alfalfa va- 
rieties, and of the difficulties and uncertainties of alfalfa seed produc- 
tion, increased facilities were provided for studies, in cooperation with 
the BEPQ, to produce seed of improved varieties. These studies in- 
volved influence of cultural practices, management, and soil types, 
with special attention to control of destructive diseases and both 
destructive and beneficial insects. 


D. FUNDS—-ANNUAL EXPENDITURES 


No specific allotments for alfalfa were made prior to 1935. Asa 
rough estimate, expenditures varied from $1,100 in 1910 to $35,000 in 
1929. From 1930 to 1946 the estimated annual expenditures were from 
$58,000 to $68,000. In 1947, there was an increase to $116,000 to initi- 
ate new investigations on seed production, and the expenditures since 
have varied from that amount to $118,940 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of wilt-resistant varieties —The organism Corynebacter- 
ium insidiosum was identified in 1925 as the cause of bacterial wilt, the 
most serious disease at that time attacking alfalfa. Fields with 5- to 
10-year-old alfalfa stands which had contributed to the efficient pro- 
duction of milk and meat, as well as to the conservation and improve- 
ment of soil and water resources, were wiped out by the disease. Wilt 
also eliminated new fields by the end of the second and third crop year. 
Neither crop rotation nor mineral nutrients would control the disease. 
Resistant varieties were found to be the only solution. 
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By 1940, the wilt-resistant variety Ranger had been developed, 
tested, and found worthy of release. Two years later another wilt-re- 
sistant variety, Buffalo, was released. These two varieties are replac- 
ing the disease-susceptible kinds as rapidly as seed supplies can be 
increased. They make possible once more, in the areas in which they 
are adapted, the use of long crop rotations that include several years 
of a grass-legume crop. 

Solution of Seed Production Failures —New varieties to meet the 
constantly changing soil, disease, and insect conditions can serve their 

urpose only when adequate supplies of seed are available. It has 
8 estimated that 100,000,000 pounds of alfalfa seed will be needed 
annually, compared with 60,000,000 now used, to achieve a balanced 
agriculture in this country. Inadequate seed supply is a major factor 
hindering attainment of that objective. As a result of research con- 
ducted by State and Federal scientists, a major alfalfa seed-producing 
area in Utah and Idaho has been brought back into production after 
20 years of crop failures and near failures. 
vepanded Alfalfa Acreage.—Alfalfa is an introduced crop, once 
thought to be limited in adaptation to the subhumid areas of the Mid- 
dle West and irrigated lands of the Southwest. Research on cultural 
and fertilization practices has made possible extension of the alfalfa 
acreage to the East and Southeast wha it once could not be grown 


successfully. It can now be grown on well-drained soils throughout 
this area by adequate applications of lime and mineral fertilizers and 
by use of proper cutting or grazing practices. 


F. SOME ADDITIONAL WORK NEEDED 


Production of adapted varieties for the Eastern and Southern 
States—The acreage of alfalfa in the United States has increased 
steadily since its first successful introduction about 1850. In the 
decade 1920 to 1930, approximately 10,000,000 acres, and during the 
present decade about 15,000,000 acres were grown in the United States. 
During this increase there has been a shift in acreage from West to 
East and South. At the present time, there are no varieties well 
adapted to the eastern and southern United States. If such were 
available, acreage of this needed soil-covering crop would increase 
very greatly in these areas, and the hazards of production that now 
limit its usefulness would be greatly reduced. 

Development of alfalfa varieties for grazing in the Great Plains.— 
For more than 200,000,000 acres of range land in the western United 
States, there is no satisfactory legume. Yet a legume is needed for 
association with the grasses of the range to improve quality of the 
forage during periods of the year when protein content of the grasses 
is low and to increase total production by supplying nitrogen for 
growth of the grass. The possibilities of developing alfalfa varieties 
for use in this capacity are good, although an intensive breeding pro- 
gram over a period of years will be required before the potentialities 
are realized. 

Much basic germ plasm for such a program is already available. 
About 40 years ago some Siberian yellow-flowered alfalfas were 
brought into this country in our plant-introduction program. These 
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were tested at a number of Great Plains stations, found to be low 
yielding, and for this reason abandoned. At that time, interest was 
directed largely at the development of high-yielding, disease-resistant 
strains. Rec ently, however, attention has been focused on the need 
for strains that will persist under extreme climatic conditions. Sev- 
eral old stands planted originally to the Siberian introduction still 
persist under adverse conditions in the Great Plains. These and other 
subsequent introductions provide a reservoir of material from which 
it should be possible to produce alfalfa varieties tolerant to the 
drought, close grazing, and other adversities encountered in the range 
lands. 

Development of more effective methods of breeding.—Methods of 
breeding currently in use are simple selection and other procedures 
ade ipted from the methods that have proved effective with such crops 
as cotton, corn, and wheat. Because of the nature of the crop, it is 
certain that breeding methods developed specifically for alfalfa im- 
provement will be more effective and efficient. Development of such 
methods can come only from expanded research based on sound funda- 
mental information on fertility relationships, effects of in-breeding 
and hybridization, chromosome behavior, and inheritance of impor- 
tant characters. 

Interspecific relationships in the Medicago species—Some of the 
major advances in improvement of other field crops, including cotton 
and wheat, have resulted from transfer of genes for essential char- 
acters from related wild species to the cultivated crop. This is a 
largely unexplored field in alfalfa improvement. Needed is informa- 
tion on the cross-fertility relationships among species, chromosome 
and breeding behavior of species and hybrids, and characteristics of 
related wild species that are essential in improved alfalfa varieties. 


Cover Breeptnc, Diseasr, AND Quatiry INVESTIGATIONS 


(BPISAE—a-4-2—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Evaluate domestic and foreign species and varieties for 
different uses throughout the United States; (2) develop improved 
varieties for winter-hardness, drought resistance, disease and insect 
resistance, improved quality and palat: ability, persistence and pro- 
ductivity, tolerance of grass competition, and adaptation to various 
soil conditions: and (3) determine factors conducive to increased 
yields of seed. Current work includes studies of important diseases 
and their causal organisms, and breeding of red clover, Ladino clover, 
and sweetclover for resistance to major diseases and climatic hazards. 
Studies are also in progress on factors affecting seed production. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—t-2-35—Evaluation and breeding to develop superior varieties 
of red clover for hay, pasture, seed, ‘and soil improvement. To de- 
velop and evaluate varieties of red clover for increased production 
and longevity, resistance to diseases and insects and adaptation to dif- 
ferent environmental conditions and uses. 
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a—4-2-36—Evaluation and breeding to develop superior varieties 
of sweetclovers for pasture, hay, seed, and soil improvement. Ob- 
jectives same as for project a4—2-35. In addition, varieties with in- 
creased palatability for livestock and larger size of seed are desired. 

a—4-2-37—Evaluation and breeding to develop superior varieties of 
crimson clover for pasture, hay, seed, and soil improvement. Ob- 
jectives same as for project a-4-2-35. Also reseeding varieties with 
ess tendency to lose seed by shattering are sought. 

a—4-2-38—Evaluation and breeding to develop superior varieties 
of white clover for pasture, seed, and soil improvement. Objectives 
same as for project a—4-2-35, except that the studies apply to white 
clover. 

a—4—2-39—Evaluation, life history, and breeding studies of species 
and varieties of the winter annual clovers; including sub, small hop, 
large hop, Persian, and rose for pasture, hay, seed, and soil improve- 
ment. To determine the adaptation of winter annual clover species, 
varieties, and strains alone and in mixtures with other grasses and 
legumes; to establish the best agronomic practices in establishing 
and maintaining stands; to select and hybridize varieties with in- 
creased production, persistency of stands, resistance to diseases and 
insects, and for adaptation to different growing conditions and uses. 

a—4—-2--40— Evaluation, life history, and breeding studies of species 
and varieties of perennial clovers including zigzag and Kura for 
hay, pasture, siti and soil improvement. Objectives same as for 
project a—4-2-39. 

a—4—2-41—-Cytogenetic, inheritance, and taxonomic relationships 
of clovers. To determine chromosome numbers and behavior, and 
mode of inheritance of important plant characteristics; to study the 
cytology of interspecific hybrids; to develop and determine the eco- 
nomic value of induced polyploids and to determine pollination and 
reproduction relationships for the purpose of transferring desired 
characteristics from one species to another by interspecific hybridi 
zation. 

a—-4+-2-49—-Seed setting of red clover and Ladino white clover as 
affected by the structure and functioning of the flowers, agronomic 
practices, nutritional, and environmental conditions. To determine 
the form and structure and physiological characteristics of red 
clover flowers as related to nectar and pollen production, the effect 
of plant growth, organic and inorganic nutrition, and microclimatic 
factors on nectar secretion, pollen production, and seed setting; to 
study the effect of nutrition and irrigation on seed setting and de- 
relepaesnes of Ladino white clover. 

—-1-2-43—Diseases of perennial clovers, including red and white, 
denies of causal organisms, and methods for their ‘control. To de- 
termine the organisms causing diseases of perennial clovers; to study 
the nature of these diseases and the organisms that cause them, 
their life history, methods of inoculation, and host-parasite rel: ation- 
ships; to cooperate with a breeders in the development of re- 
sistant varieties; and to develop cultural practices and seed treat- 


ments for disease control. 
a—t-2-44—Diseases of sweetclovers, studies of organisms causing 


them, and methods for their control. Objectives the same as for pro- 
ject a-4-2-43. 
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a—4-2-45—-Diseases of winter annual clovers including crimson and 
sub, studies of organisms causing them, and method for their con- 
trol. Objective the same as for project a—t-2-43. 


C. HISTORY AND EVOLUTION OF THIS WORK 


There are over 250 species or kinds of true clovers and sweetclovers. 
To date, more than 15 different species are of regional or national 
importance, while the potentialities of many others have not been 
explored. The early work starting shortly after 1900 was principally 
the introduction and testing.of a limited number of species and the 
numerous strains for adaptation to different environments. During 
the period 1910 to 1920, failures to obtain and maintain stands of 
red clover became more frequent. Investigations of the causes of 
these failures indicated that exhaustion of minerals in the soil and 
the use of foreign nonadapted seed were limiting factors. Recently, 
stand failures and losses have again become critical factors in use 
of red clover for hay and soil improvement. Research has shown 
that these losses are caused by diseases causing root rots and crown 
rot. The value of sweetclover for soil improvement and pasture 
was explored and this crop came to occupy a major place in 
crop rotations in part of the country. As the sweetclover acreage in- 
increased, however, diseases, lack of palatability, and toxicity of 
hay and silage to livestock became serious problems. New research 
methods necessary to accurately study the problems were developed. 
The introduction and evaluation of Ladino clover soon led to its 
widespread use as the major perennial legume in high-producing, in- 
tensively managed pastures. But with its Socheneed Gaiam came new 
problems of winter killing, losses from diseases, and contamination 
with other strains of white clover. These have pointed to the needs 
for greatly expanded research, further overtaxing already inadequate 
facilities. The potentialities of winter annual clover species such as 
crimson, sub, large hop, small hop, and Persian for pasture and soil 
improvement in the South and of strawberry and subclovers in the 
Western States were discovered but increasingly intensive use of these 
valuable crops has again revealed many deficiencies in information 
and plant materials that must be corrected by research before their 
potentialities can be realized. Breeding, cultural, and disease studies 
were and are being initiated on the different species as rapidly as 
facilities permit. 


D. FUNDS—-ANNUAL EXPENDITURES 


No specific allotments for clover investigations were made prior to 
1935. As a rough estimate, expenditures varied from $800 in 1910 
to $30,000 in 1929, declining to $23,000 in 1935. From 1936 to 1946, 
the annual allotments averaged about $28,000. In 1947 the allotment 
was increased to about $60,000 for the initiation of new research on 
seed production and was $61,800 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A new red clover variety, Kenland, has been outstanding in resist- 
ance to southern anthracnose, productivity, and longevity of stands. 
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Kenland will replace other red clover varieties in the region south 
of central Ohio, Indiana, and Illinois. Use of Kenland will result 
in greater production of hay, increased economy of production, and 
more effective soil improvement. 

Introduction of Ladino white clover as an improved pasture legume 
in the humid States and irrigated sections of the West—This has 
resulted in a threefold increase in pasture yields and large increases 
in quality of feed, bringing about more efficient livestock and poultry 
production. Ladino clover has been a major factor in increased et- 
fective usage of high-producing pastures in crop rotations. Cultural 
practices Eritonel by research and responsible for the successful use 
of Ladino are: (1) Adequate fertilization for stand establishment 
and maximum yields; (2) moderate rotational grazing for longevity 
of stand and rapid recovery; (3) compatable grass association; and, 
(4) leaving the proper fall growth to reduce winterkilling in the 
Northern States. 

Discovery of the toxic substance in spoiled sweetclover hay and 
silage and the development of low coumarin selections to prevent live- 
stock losses—Through biochemical and plant composition studies of 
different sweetclover species, the toxic principle causing external and 
internal bleeding of cattle and sheep was found to be a decomposition 
product of coumarin. By the use of special techniques, required for 
making hybrids betwéen different sweetclover species, selections low 
in coumarin (below the toxic level) have been developed. These fun- 
damental studies and the isolation of the toxic substance “dicumarol,” 
have led to the widespread clinical use of dicumarol in the saving of 
human lives from heart disease (coronary thrombosis). 

The selection of reseeding crimson clover for winter grazing, hay, 
and soil improvement in the Southern States.—A serious deficiency of 
common crimson clover is the difficulty of obtaining fall stands. Seeds 
germinate rapidly under soil-moisture conditions not adequate to 
support seedling growth and the seedlings die. The new Dixie variety 
has a hard-seeded characteristic causing the seed to germinate at de- 
layed intervals over a longer period of time than common crimson. 
Seed produced and shattered in the spring at time of plant maturity 
volunteer to good stands in the fall when grown with permanent 
grasses and in rotations with cultivated crops, contributing year- 
round grazing without annual seeding costs. Over a million pounds 
of Dixie crimson clover seed was produced in 1950. 

Introduction of subclover varieties for grazing in Pacific North- 
west.—The coastal range lands of Washington, Oregon, and California 
were devoid of adapted legumes needed to supply nutritious feed for 
livestock and to furnish nitrogen to the associated grass. Within 10 
years after the introduction, testing, and development of suitable 
cultural practices, the use of Mount Barker and Tallarook subclover 
varieties Shin spread to over 300,000 acres. 


F. SOME ADDITIONAL WORK NEEDED 


Development of red clover varieties resistant to root borer, root 
curculio, root rots, and crown rot for the central and northern red 
clover regions.—Red clover is a perennial plant but under farm con- 
ditions it behaves as a biennial due to attacks of root borer, root 
curculio, root rots, and crown rot. Frequently, the second cutting 
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of the first harvest year is nonproductive, resulting in no aftermath 
growth for soil improvement. Varieties resistant to these pests would 
reduce farm losses and materially increase the feed and soil im- 
provement value of this important crop. 

Large-seeded varieties of sweetclover having resistance to sweet- 
clover weevil needed for the Great Plains and Corn Belt regions.— 
Sweetclover is one of our most drought-resistant legumes after the 
seedling plants are established. The small seed of present productive 
varieties requires shallow seeding for germination and establish- 
ment of seedling plants. Sufficient soil moisture in the soil surface 
is most frequently a limiting factor. Large seed could be planted 
deeper where the moisture content of the soil is greater and more 
uniform. Preliminary studies on species hybrids indicate the pos- 
sibility of transferring seed size of winter annual Mediterranean 
species to high-yielding white and yellow sweetclovers of agricultural 
value. Attacks of the recently introduced sweetclover weevil have 
become so severe within the last 10 years that farmers are not using 
this important soil-improving crop as much as formerly. The weevil 
attacks seedling pldnts, killing them before they are established. 
The only economic control appears to be in the development of re- 
sistant varieties. 

Disease-resistant, non-seed-shattering varieties of crimson clover 
needed for the southern region—With the rapid expansion of the 
crimson clover acreage in the South, crown rot and sooty blotch dis- 
eases are becoming more prevalent, causing extensive losses in winter 
grazing and soil improvement. Studies of the organisms causing the 
cliseases and the breeding of resistant varieties must be done to main- 
tain the farm values of this crop. 

Develop disease- and insect-resistant, winter-hardy white clovers.— 
Common white clover, one of the most important permanent pasture 
legumes in the South behaves mostly as a winter annual, disappearin 
in July and coming back from seed in November. During this period, 
pastures wane and livestock gains are at their lowest ebb. White 
clovers that would tolerate the heat, disease, and insect pests would 
do much to solve this problem. Increasing losses of stands of Ladino 
white clover where it has been grown the longest are becoming serious 
in the Northern States. These losses appear to be caused by diseases 
and a lack of winter hardiness. Resistant, winter-hardy varieties are 
required to meet these problems. 


Lespepeza, Luprnes, Trerom, AND Sournern Lecumes; Breeprne, 
DIsEASE, AND QuaLtry INVESTIGATIONS 


(BPISAE—a-—4+-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Determine adaptability of the various crops for pasture, 
hay, silage, green manure, and cover crops under the various soil and 
climatic conditions; (2) develop and evaluate in regional tests im- 
proved varieties with greater productivity and nutritive value, re- 
sistance to destructive diseases and insects, tolerance to heat, cold, and 
drought, and adaptable to specific soil and climatic conditions; (3) 
determine the nature and cause of the destructive diseases and develop 
appropriate control measures; and (4) study factors affecting seed 
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production of these crops. Included under this project are all legumi- 
nous forage and soil-improvement crops except alfalfa, soybeans, 
cowpeas, the true clovers (Trifolium spp.) and sweet clovers (Meli- 
lotus spp.). Among these hundred or more crops, the most important 
are common, Korean and sericea lespedeza, birdsfoot and big trefoil, 
blue, vellow, and white lupines, field peas, several species of C rotalaria, 
hairy, smooth and woolypod vetch, kudzu, bur clover, and black 
medic. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—4—j-4O—E valuation and breeding to develop superior strains of 
annual lespedeza. To develop superior strains of common and Korean 
lespedeza adapted to various climatic and soil conditions, resistant to 
diseases, including lespedeza wilt and nematodes, and to evaluate 
improved strains in regional tests throughout the Southeast. 

a—4—4-—4I—FE valuation and breeding to dele vop superior strains of 
trefoils. To develop strains of birdsfoot and big trefoil of greater 
productivity, improved seed holding and resistance to diseases; to 
evaluate strains in regional tests; and to conduct fundamental re- 
search into the breeding behavior of these species. 

a-4—-4-42—E valuation and breeding to develop superior strains of 
annual winter legumes: vetch, winter peas, lupines, serradella and an- 
nual medic for soil improvement and forage. To develop more pro- 
ductive, disease-resistant, cold-resistant, early maturing and good 
seeding strains of lupines, winter peas, vetch, etc., for soil improve- 
ment and forage; to evaluate the strains in regional tests. 

a—4—-4-43—E waluation and breeding to develop supe rior strains of 
annual summer-growing legumes for forage and soil improvement. 
Species and varieties of crotalaria, indigofera (Hairy indigo) and 
Desmodium (beggarweed) are being studied at various locations to 
determine adaptation, productivity, seeding habits, toxicity and pala- 

tability to animals in an effort to secure more suitable summer-growing 
legumes. 

a-4-4-44—E valuation and breeding of perennial legumes, Astraga- 
lus Coronilla, Lathyrus, Lespedeza, Pueraria, Onobrychis and Vicia 
for forage and soil improvement. To develop productive strains of 
perennial legumes adapted to the less fertile acid soils of the South and 
to the dry-l: and range areas of the West for forage and soil improve- 
ment. 

a——445— Residual value of annual and perennial legumes for soil 
improvement. To determine the residual value of various annual and 
perennial legumes in rotations measured in terms of increased yields 
of succeeding crops. 

a—4-446—Diseases of annual winter legumes, studies of the or- 
ganism causing them and methods for their control. The nature and 
identity of organisms causing diseases of the annual winter legumes, 
lupines, winter peas, and vetch, the extent of the damage done and 
methods of control are being studied. 

a—4-4-47—Diseases of summer annual legumes, studies of the or- 
ganisms causing them, and methods for their control. The nature and 
identity of organisms causing diseases of annual lespedezas, crotalaria, 
indigo, and beggarweed, the severity of the damage, and methods of 
control are being studied. 
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a—4_4-48—Diseases of perennial legumes, studies of the causal or- 
ganisms and methods of control. The nature and identity of the or- 
ganisms causing diseases of perennial lespedeza, birdsfoot, and big 


trefoil, and kudzu; the extent of damage done, and methods of con- 
trol are being studied. 


C. HISTORY AND EVOLUTION OF THIS WORK 


It was not until 1928 that specific work projects in this field were 
developed. Until that time the investigations now being conducted 
under this project were confined very largely to evaluation in nurs- 
ery plantings of introduced and indigenous species of the so-called 
acid-tolerant and cover -crop legumes. Promising material was sent to 
cooperators at the various State experiment stations. The rapid 
spread of Korean lespedeza focused attention on the shortcomings of 
the species, necessitating the initiation early in 1930 of a breeding 
orogram to develop disease-resistant and more productive varieties. 
Vith increased use of leguminous winter cover crops in the South, in 
the late twenties and early thirties there were repeated failures of 
these crops due to diseases, winterkilling and other factors, resulting 
in the initiation in 1935 of disease studies and a breeding program to 
develop disease-resistant varieties, particularly of winter peas. Simi- 
lar problems exist with lupines, trefoils, and other annual and peren- 
nial legumes. However, it has not been possible with these species to 
initiate intensive breeding programs. Of the hundred or more legumes 
that are included under this project, effective work is necessarily con- 


fined to approximately eight of them. Even with these eight, the 
work is too limited in scope to permit satisfactory progress toward 


solution of many problems. 


FUNDS——-ANNUAL EXPENDITURES 


No specific allotments for this project were made prior to 1935. As 
a rough estimate, annual expenditures varied from $700 in 1910 to 
$22,000 in 1929. From 1930 to 1935 the allotments varied from $27,000 
to $34,000 and from 1936 to 1950 from $40,000 to $48,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction and development of Korean lespedeza may be directly 
credited to Department activities. The original packet of Korean 
seed was received by the Division of Plant Explor ation and Introduc- 
tion in 1919 and planted at the Department’s Arlington Experiment 
Farm in Virginia. Studies by the Department in cooperation with 
the State stations determined the cultural and climatic conditions best 
suited to the new crop and proved its value for hay and pasture. 
The crop has gained steadily in popularity. Statistics are not avail- 
able that give “the acreage of Korean lespedeza for pasture and soil 
improvement, the most important uses of this crop. Estimates of the 
cash returns to the farmers for hay and seed in 1948 were well over 
$10,000,000. 

The wider use of crotalarias as superior summer soil-improving 
crops in the South is due largely to the Department’s program of 
testing a large number of species in cooperation with the State experi- 
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ment stations. Several species proved of economic value and have 
been introduced commercially. Crotalaria plantings have expanded 
from 8,000 to 500,000 acres in less than 20 years. Since the crotalarias 
are immune or resistant to the root-knot nematode, nematode popula- 
tions are depressed by the species, thus permitting the profitable pro- 
duction of nematode-susceptible cash crops in rotations. The chief 
value of the crotalarias is for soil improvement. 

Alyceclover and hairy indigo have been made important crops for 
livestock farmers in the deep South—Alyceclover and hairy indigo 
are Summer annual legumes, but successive volunteer stands may be 
obtained with proper management. Both legumes may be used for 
hay, pasture, or soil improvement in the Gulf coast area. Well over 
100,000 acres of these species are established in the States bordering 
on the Gulf of Mexico. 

The release of Kobe and Climaz lespedeza has extended the use and 
increased production of annual lespedeza across the South. Kobe, a 
superior, high-yielding, late-maturing strain of common lespedeza, 
has largely replaced unimproved common lespedeza from the Atlantic 
coast across into Texas. Climax lespedeza, released in 1946, is a late- 
maturing, high-yielding Korean variety. Climax will extend the 
Korean lespedeza belt into the upper South. Both varieties, in addi- 
tion to yielding more heavily, mature later, thus lengthening the 
grazing season For livestock. 


The development of blue lupine as a winter cover crop for the lower 
South is a direct result of cooperative work under this project. The 
blue lupine, where adapted, yields a much heavier tonnage of organic 


matter than other winter legumes grown in the South, and in addition, 
roduces a good seed crop. Because of these characteristics, the 
upine acreage has expanded rapidly on the Coastal Plain soils 
throughout the lower South. Seed production records are excellent 
evidence of the rapid increase of lupines. Beginning with the first 
seed increase in 1938 of a few bushels, seed stocks increased rapidly 
to an estimated 148,000,000 pounds in 1950. 

The superiority of sericea lespedeza for hay, pasture, and soil im- 
provement over the many other species of perennial lespedeza was 
established. The ability of sericea to make satisfactory growth on 
acid, eroded soils of low fertility is not equaled by any other perennial 
legume species now available. The acreage of sericea for soil im- 
provement, hay, and pasture is increasing rapidly. 

A new high-yielding, nematode-resistant variety of Korean lespe- 
deza has been developed. The superior yielding ability of this new 
variety, as yet unnamed, has been particularly striking on nematode 
soils of the upper Coastal Plain and will permit the more effective 
use of this valuable crop on such soils. This new variety is expected 
to replace Korean in Maryland, Virginia, and North Carolina. Seed 
stocks are being increased as rapidly as possible. 

A superior variety of winter peas for green manure in the South 
has been developed. The new strain is 1 to 2 weeks earlier than 
Austrian winter peas and produces a greater tonnage of green matter 
than either Austrian winter or Dixie Wonder. A seed increase pro- 
gram of the new variety is under way in the seed-producing area of 
Oregon. 
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F. SOME ADDITIONAL WORK NEEDED 


Improvement of perennial legumes for the South——In the shift 
from predominantly row- and cash-crop farming to a balanced, diver- 
sified agriculture in the South, one of the major limitations is lack 
of a well-adapted perennial legume for livestock feed and soil im- 
srovement. Sericea lespedeza is slow to eStablish and lacks palata- 
bility due, probably, to its high tannin content. Birdsfoot and big 
trefoil are pencontttis to numerous diseases, are difficult to establish, 
and lack adaptation to many southern conditions. Improved varie- 
ties that could be developed by an intensive breeding program would 
correct these weaknesses and permit more effective use of these peren- 
nial legumes in pasture, forage, and soil-improvement programs. 

Improvement of annual legumes for winter grazing and cover crops 
in the South.—Lupines, vetches, field peas, rough peas, bur clovers, 
black medic, and other winter-growing annual legumes are all limited 
in usefulness by several weaknesses. For example, the lupine crop is 
threatened with several destructive diseases, including anthracnose, 
brown spot, and mildew. The bitter varieties contain alkaloids that 
prohibit their use for forage, while available sweet varieties lack 
vigor and general adaptation. The vetches are susceptible to several 
diseases, low in productivity, and have dehiscent seed pods which 
hinders seed harvest. An intensive breeding program with each of 
these crops is required to produce varieties that can be used effectively 
in a planned winter-grazing and cover-crop ab ey in the South. 

Development of legumes for the Great Plains and intermountain 


region.—Lack of adapted palatable legumes for dry-land range con- 
ditions limits productivity and nutritive value of forage. Numerous 


native American legumes are known. For example, 15 to 25 native 
Lupine species occur in stands of various sizes in the western United 
States. There is need for an intensive program of collection and 
evaluation of these native species for use on range lands. After the 
best species have been discovered, breeding programs to improve pala- 
tability, nutritive value, persistence, and productivity are needed be- 
fore a well-adapted legume will be available for livestock feed and 
soil improvement in the western ranges. 

Basic information essential to development of effective breedin 
programs.—Research on development of improved varieties of eac 
of the legume species included in this work project must be based, to 
be most effective, upon information on mode of pollination, fertility 
relationships, breeding behavior, and inheritance of important char- 
acters. These factors will vary for the different species. Only frag- 
mentary information is now available for any of these species. 


Grass BreepinG, Disease, AND Quanity INVESTIGATIONS 
(BPISAE—a—4—5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop better varieties of grasses adapted to different soil and 
climatic conditions throughout the country. Investigations under 
this project consist of: (1) Breeding and evaluation of superior 
varieties for resistance to diseases, insects, and weather hazards, and 
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excelling in productivity and nutritive value for use as hay, silage, or 
pasture; (2) studies of cytogenetics and methods of breeding; (3) 
investigations of diseases including identification, life history, and 
pathogenicity of causal organisms and methods of control; and (4) 
determination of factors affecting seed production. 


B. CURRENTLY ACTIVE LINE PROJECTS 






a—4-5-56—Breeding and evaluation of improved varieties of peren- 
nial species adapted to hot, humid conditions. To develop varieties 
of smooth brome, orchard, timothy, tall oat, tall fescue, red fescue, 
1 Kentucky blue, and perennial ryegrass with increased productivity and 
bi quality, adaptation to specific conditions of use, climate, and soil, and 
} resistance to important diseases and insects; to study methods of 
i developing improved varieties; to organize, coordinate, and sum- 
| marize results from uniform regional variety tests in each species; 
| and to determine specific objectives of breeding programs. 
a—4—5-57—Breeding and evaluation of improved varieties of peren- 
nial species adopted to hot, humid conditions. To develop varieties 
of Dallis, Bahia, Bermuda, and Napier grass. Objectives for these 
species same as a~-4-5-56 except that work applies to perennial species 
; adapted to hot humid conditions. 
a—4_5—58—Breeding and evaluation of improved varieties of peren- 
nial warm-season grasses adapted to semiarid and arid regions. To 
develop varieties of crested, western, intermediate, and tall wheat- 
grass, Russian and Canada wild rye, Texas bluegrass, and green stipa 
grass. Objectives for these species same as given under a—4—5-56. 
: a-4-5-60—Breeding and evaluation of improved varieties of an- 
nual grasses. To develop varieties of Sudan grass, pear] millet, and 
annual ryegrasses. Objectives for these species same as given under 
a—-4—5-56, 
a—t—5-61—-Cytogenetics, breeding behavior, and taxonomic rela- 
tionships of grass species. To determine inheritance of important 
characters; chromosome numbers and chromosomal behavior in im- 
portant species and interspecific hybrids; effects of natural and in- 
: duced polyploidy upon breeding behavior and economic value; mode 
: of reproduction and pollination: cytotaxonomic relationships among 
: related species and the potentialities of interspecific transfer of im- 
portant genes. 
a—t—5—62—Seed production studies of grasses. To determine the 
effects of fertilization, method and rate of planting, cultural treat- 
ments, grazing, mowing, burning, and other treatments on yield and 
quality of seed; to study under controlled conditions the effects of 
photoperiod, light intensity, humidity, temperature, and other en- 
vironmental factors on seed production and quality; to determine 
factors affecting seed dormancy and seed germination. 
a—4—5-63—Diseases of perennial grasses adapted to cool, humid 
conditions, including studies of causal organisms and methods of 
control. To determine the prevalence and importance of diseases 
affecting grasses; to identify the causal organisms; to study the life 
history, pathogenicity, and epidemiology of the causal organisms; to 
cooperate with plant breeders in the development of disease-resistant 
varieties; and to develop other control measures. 
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a-4-5—t 1 —Diseases of perennial grasses adapted to hot, humid con- 
ditions, inc!uding studies of causal organisms and methods of control. 
Objectives same as given under a—4-5-63. 

a-4-5—65—Diseases of cool-season grasses adapted to the semiarid 
and arid regions, including studies of causal organisms and methods 
of control. Objectives same as given under a—4+—5-63. 

a—4-5-66—Diseases of annual grasses, including studies of causal 
organisms and methods of control. Objectives same as given under 
a—41-5-63. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of new and improved grasses was initiated about 
1908 with introduction and evaluation of new grasses from all parts 
of the world. From this work came Sudan, crested wheatgrass, 
Rhodes grass, Russian wild rye, Napier grass, and several others. The 
possibilities i in this field have not been exhausted and other promising 
grasses are being studied. The demand for superior grasses in pas- 
ture and range reseeding as a result of drought and shifts in agri- 
cultural practices led to expansion of the grass-breeding program in 
the last 15 years. Definite progress has been made in the development 
of new strains with superior forage qualities, disease resistance, dates 
of maturity, leafiness, and other factors. Examples include Tift Su- 
dan grass, Lincoln bromegrass, Marietta and Lorain timothy, and 
Coastal Bermuda grass. At the present time there are at least 70 
different grass species involved in some type of breeding program. 
Each one would require for comparable progress, personnel and funds 
equal to that devoted to improvement of any of the other field crops 
such as corn and cotton. Such facilities are not now available, how- 
ever, for even one of these species. 


D. FUNDS—-ANNUAL EXPENDITURES 


No specific allotments were made for grass-breeding investigations 
are? to 1936. From 1910 to 1935, expenditures varied from $500 
to $10,000 and were used for testing introductions and simple selection 
work. Other funds available during this period were devoted to 
sorghum improvement, which was subsequently transferred to the 
Division of Cereal Crops and Diseases. The first funds allocated 
specifically for grass breeding were an appropriation of $100,000 for 
that purpose in 1936. The allotments have remained at approximately 
that level since then and through 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Coastal Bermuda grass, a hybrid between common Bermuda and an 
introduction from South Africa, is outstanding for vigorous growth, 
nematode resistance, and wide adaptability. WW yhen used for pasture 
and properly managed, gains of 500 pounds of beef per acre have been 
produced. It has produced 10 tons of hay per acre with an average 
seasonal protein content of over 13 percent when ample nitrogen ferti- 
lizer has been supplied. 

A serious weed pest is tamed.—Johnson grass, long a scourge of 
cotton farmers, is now_a major crop for summer pasture in many 
areas. In the first breeding program in the world designed to improve 
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this grass, progress has been made in developing high-yielding lines, 
more persistent under mowing, and with better forage quality. One 
of these lines is now being increased for further testing. Johnson 
ss has also been crossed with its distant cousin, the sweet juice 
orage sorghum. From this cross, in the fourth and fifth generations, 
lines have been obtained with the perennial habit of Johnson grass, 
but without its objectionable underground stems of rhizomes. One of 
these lines that has juicy stalks, higher dry-matter content, and higher 
yielding ability than the annual sorghum parent is now being in- 
creased. A perennial forage sorghum will eliminate the necessity 
= Se aaa cea each year with its attendant costs and hazards of 
ailure. 

Ergot-resistant varieties of Dallis grass may be possible.—Dallis 
grass usefulness is limited at present by extreme susceptibility to ergot, 
a disease that attacks the flowers and replaces the seed with an ergot 
body. Because of ergot susceptibility, seed supplies of Dallis grass 
are limited and there is danger of ergot poisoning of livestock when 
Dallis grass is grazed during seed formation. Heretofore, breeding 
for ergot resistance in Dallis grass has been hampered by the fact that 
it produces seed by apomixis; i. e., without fertilization. Through 
special techniques, including careful control of temperature during 

owering, hybrids were obtained between Dallis grass and Paspalum 
malachophyllum, a related species resistant to ergot, but otherwise of 
little value. Several hundred F, (second generation) plants ob- 
tained by selfing the F, (first generation) hybrids were all susceptible 
to ergot. From selfed seed of F, plants, resembling Dallis grass, 
7,500 F; plants were grown, Seven of these were immune from ergot. 


Seedling ee of these seven immune plants are now being 


grown and studied as the next step in developing an ergot-immune 
Dallis grass variety. 

Crested wheatgrass, first introduced in 1898, has demonstrated its 
value in the regrassing of semiarid range lands of the Northern Great 
Plains and intermountain region which had been plowed up for cereal 
production. Within 3 or 4 years after seeding, the grass has pro- 
duced hay and pasture on these areas, equal to the native grasses which 
would require 30 to 40 years to become established by natural revegeta- 
tion methods. At the same time, it has prevented erosion, controlled 
weeds, and furnished a noncompetitive crop. It is estimated that 


crested wheatgrass is now a part of the vegetation on at least 10 
million acres. 


Pangola grass receiving wide acclaim in Florida 

It, is estimated that there are over 90,000 acres of this grass now 
in pasture. All this has been developed from four plants introduced 
in 1935 from South Africa. Since Pangola grass does not produce 
seed, it must be increased vegetatively from runners that root at the 
nodes to develop new plants. Because of its extremely vigorous and 
rapid growth, stands of Pangola grass can be established rapidly and 
economically. It has produced higher yields of beef per acre in 
Florida than other adapted cultivated grasses. 

Inbreeding found useful in breeding for increased yield in orchard 
qrass.—Inbreeding has long been recognized as a potent tool in the 
improvement of cross-pollinated crops. For the past several years, 
however, the importance of inbreeding in improvement of perennial 
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forage plants has been questioned. Inbreeding is not required as a 
means of perpetuating a genotype as is the case in annual crops, since 
vegetative propagation of superior plants is possible. There has 
previously been no evidence of effects of inbreedin — yield potential. 
The combining ability of 18 noninbred clones of orchard grass was 
compared w ith lines obtained from them by four generations of in- 
breeding. In five of these families the combining ability of the inbred 
lines was significantly greater than that of their parents. 


F. SOME ADDITIONAL WORK NEEDED 


Acceleration of grass genetics and breeding in the South.—The need 
for breeding of new varieties is evident in every species. The contri- 
butions of plant breeding, even with limited amount of research, have 
brought new varieties such as Coastal Bermuda, Tift Sudan grass, 
and Starr millet. Susceptibility to ergot limits the extent of use of 
Dallis and Bahia grass in the region. Winter-growing perennials 
such as tall fescue are injured by foliage diseases and aaa to grow 
rapidly during periods of low temperature. Annual ryegrass would 
have wide use if it were not extremely susceptible to rust. There is an 
urgent need for expanded breeding programs to correct these short- 
comings so that well-planned pasture- forage programs can be devel- 
oped as a basis for a sound agricultural economy in the region. 

Cytological and genetical in nvestigations with grass.—Considerable 
work has been done with cereal crops, cotton and other cash crops to 
determine their genetic constitution, and the results of these studies 
have contributed immeasurably to the success of the breeding and 
improvement programs. Such’ studies with grass have been extremely 
limited. Fundamental work is needed with each of the grasses to 
determine the genetic constitution as a basis for an intelligent hybridi- 
zation and breeding program. Microscopic studies of the structure 
of the floral parts are needed also to discover causes for failure to pro- 
duce viable seed and to determine, thereby, corrective measures for 
low seed production. 

Seed production of grasses under irrigation in the southwestern 
United States.—Preliminary work with Dallis grass and Bahia grass 
has demonstrated the possibilities of producing seed of these and 
other grasses in the southwestern United States. The distinctly arid 
climatic conditions have long been recognized as the only place in 
this country where Bermuda grass will set seed fr eely. At present, 
the principal weakness in the pasture program for the southern humid 
States is shortage of seed of adapted grasses. Such investigations 
have promise of providing a source of seed for consumers in the south- 
ern humid States as well as offering a new and noncompetitive cash 
crop for irrigated lands. 

Forage crop pathological problems in the Pacific Northwest.—In 
the past, disease investigations in the Northwest have centered around 
horticultural and cereal crops. Recently, research has provided a 
method for control of blind seed in perennial ryegrass, a disease which 
threatened to wipe out the ryegrass seed- producing industry in the 
Northwest. The more intensive production of forage seeds in this 
region has tended to increase other disease problems that require study 
inc cluding leafspots, root rots, and virus diseases. 
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Improvement of Sudan yrass, forage sorghums, and millets—Su- 
dan grass, forage sorghums, and millets are the most important sup- 
plemental hay, pasture, and silage crops. When permanent and ro- 
tational pasture and hay crops fail due to winterkill, drought, or other 
factors, these crops can be seeded to meet the crisis. Improved vari- 
eties that are low in prussic acid, resistant to drought injury and dis- 
eases, and higher in productivity and nutritive value are required 
before most efficient use can be made of these supplemental crops in a 
well-planned forage program. 

Improved grasses for the northern humid and irrigated areas.— 
Grasses are an essential constituent of the hay, silage, and pasture 
mixtures in the northern humid region and on irrigated lands. Lack 
of improved varieties of timothy, orchardgrass, bromegrass, Reed 
canarygrass, and other species adapted to these areas has resulted in 
deficient production and nutritive value and instability of the forage 
enterprise due to seasonal and annual fluctuations of yield. Diseases 
annually take a heavy toll of quality and yield due to susceptibility 
of the unimproved crops that must be used. Greatly expanded re- 
search is required on improvement of these grass species if the needs 
of the American farmer in his conversion to grassland agriculture 
are to be met in the reasonably near future. 

Improved cool-season grasses for semiarid conditions.—Cool-sea- 
son grasses supplement the native, warm-season range grasses by ear- 
lier spring and later fall production. No other grass has such wide 
adaptation or such great promise for reseeding depleted ranges and 
for conversion of dry-land farm lands to grass as does crested wheat- 
grass. Yet, this species is threatened by susceptibility to the foot rot 
disease of wheat. Resistant varieties will be the only solution. Rus- 
sian wild ryegrass would prove almost as valuable as crested wheat- 
grass if seed could be produced. Available evidence indicates that 
plant breeding will provide the most satisfactory solution to the prob- 
lem. These, and many other examples, emphasize the need for in- 
creased research on improvement of these cool-season grasses. 


Turr Propucrion, Breepine, Diskase, AND Quatiry INVESTIGATIONS 


(BPISAE—a-+6 Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To test native and introduced turf-forming grasses for use for 
turf in different sections of the United States; (2) develop practical 
methods of establishing and maintaining turf in good condition, in- 
cluding the control of diseases and weeds; (3) produce by breeding 
improved strains of the principal turf grasses; and (4) develop ade- 
quate supplies and improve the quality of seed of the better turf 
grasses. Currently, the principal effort is being devoted to develop- 
ment and testing of varieties of Korean lawngrass, Kentucky blue- 
grass, and red fescue with improved turf characteristics, disease re- 
sistance, winter hardiness, and seed production. Research of a more 
fundamental nature is being carried on to provide basic information 
and techniques to be used in the breeding of these varieties. Investi- 
gations on the most effective seeding, mulching, fertilizing, liming, 
mowing. and other cultural and management practices are being 
pursued. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


a4_6-16—Breeding and evaluation of improved varieties of grass 
species. To develop and evaluate varieties of the Zoysia spp., Ken- 
tucky bluegrass, and Festuca spp., with improved turf characteris- 
tics, disease resistance, winter hardiness, and seed production. 

a46-17—Cytogenetics and breeding behavior of turf grass spe- 
cies. To study within the genus Zoysia the number and behavior of 
chromosomes as a result of hybridization and chromosome doubling, 
and to study the method of reproduction, pollination, and inheritance 
of important genes, with a view to transferring desirable characters 
from one species to another. 

a—4_6-18—Establishment, culture, and management of grasses for 
turf. To determine the most effective seeding, mulching, fertilizing, 
liming, mowing, and other cultural and management practices for 
turf production and maintenance. 

a—4-6—-19—Diseases of turf grasses including studies of casual or- 
ganisms. To determine the prevalence and importance of diseases 
affecting turf grasses and to identify the causal organism of the more 
important diseases to make possible the breeding of disease-resistant 
varieties. 

C. HISTORY AND EVOLUTION OF THIS WORK 


The study of grasses for turf has been pursued on a limited scale 
since 1914. Early work included exploration, introduction, and test- 
ing of both exotic and native grasses for use as turf. Increased use 
and appreciation of turf on home grounds, parks, play areas, road 
shoulders, and airfields shifted attention to establishment and main- 
tenance problems connected with the utilization of turf under many 
new conditions of use, and under the adverse condition of using graded 
subsoil as a growth medium, rather than fertile topsoil. The sudden 
requirement of establishing millions of acres of turf on airfields, mil- 
itary posts, and ammunition dumps during World War II accelerated 
the search for new species and varieties of grasses and new cultural 
practices to be used on these areas which were often located in cli- 
matic and soil regions unsuited to agricultural use. The development 
of new species and varieties and the improvement through breeding of 
species already in use is being carried on at present. Fundamental 
studies are being carried on to provide the knowledge and techniques 
required for successful breeding of improved turf grass varieties. 
Research on the cultural requirements and diseases of turf grasses is 
also in progress. With the extremely limited funds available for this 
project, adequate research effort has not been possible on any of these 
phases. Yet constant demands for information and help from the 


public and from other agencies require that some attention be given 
to all of them. 


D. FUNDS-—-ANNUAL EXPENDITURES 


No specific allotments for turf investigations were made prior to 
1935. As a very rough estimate, annual expenditures varied from 
$300 in 1914 to $4,000 in 1936, remaining at about this level until 1942. 


Since 1943 the annual allotment has been about $8,500 and was $8,700 
in 1950. 
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E. EXAMPLES OF ACCOMPLISHMENTS 


Development qe elminthosvorium disease-resistant Kentucky blue- 
grass.—Merion Kentucky bluegrass, which was developed jointly by 
the United States Department of Agriculture and the United States 
Golf Association, is resistant to the leaf spot disease which destroys 
many turf areas in the cool, humid regions of the United States during 
epidemic years. This variety is now in the hands of the seed pro- 
ducers, and represents the first. improved Kentucky bluegrass variety 
for turf available to the American public. 

Development of disease-resistant creeping bentgrasses—From a 
breeding program conducted cooperatively with the United States 
Golf Association, six improved varieties of creeping bent have been 
produced. One of these is resistant to the brown patch and doliar-spot 
diseases. These grasses are in use on golf courses throughout the 
country, and on lawns in the ccolest parts of the United States. 

Development of superior red fescue varieties—Ranier and Illahee 
red fescue varieties developed under this project are supericr from 
the standpoint of turf density and vigor. They are in use in the cool, 
humid regions of the United States. 

Establishment practices.—Research has resulted in the formulation 
of seeding, mulching, liming, fertilizing, and mowing practices to be 
used in the establishment of Kentucky bluegrass, red fescue, sheep 
fescue, creeping bent, colonial bent, velvet bent, Bermuda grass, St. 
Augustine grass, centipede grass, Manila grass, Korean lawngrass, 
carpet grass, crested wheatgrass, and buffalo grass. These grasses 
represent a majority of the turf grasses used for various turf purposes 


in different parts of the country under the accompanying differing 
requirements of use and conditions of soil and climate. 

Maintenance practices —The proper practices of mowing, liming, 
fertilizing, irrigating, and weed control in order to maintain the same 
piece of turf over a number of years, has been fairly well worked out 
for some of the grass species listed above. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding and evaluation of improved varieties of turf grasses.— 
The development of improved varieties of turf grasses is in its infancy, 
as was that of wheat and corn 50 years ago. Considering that there 
are &@ minimum of 14 different species of grass required to fill the 
requirements of use under the conditions found throughout the United 
States, and that only 4 or 5 of the most important have received 
even preliminary study and improvement, the need for concentration 
of effort on this problem is apparent. Due to poor seed production 
many of the grasses used for turf today can be propagated only by 
plan division, which is tedious and expensive. Many are susceptible 
to injury from diseases, insects, drought, heat, freezing weather, or 
are undesirable in appearance, density, wearing qualities, and main- 
tenance requirements. Many of these shortcomings could be over- 
come in time through breeding and selection programs to produce im- 
proved turf grass varieties. 

Fundamental research in cytology and genetics of turf grasses.— 
To provide the basic information required in pursuing breeding pro- 
grams with turf grasses, fundamental studies of chromosome behavior 
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and the inheritance of important characteristics is necessary for each 
species to be improved. Certain species which have no value except 
as turf grasses have received no attention in this regard. 

Improvement of establishment and maintenance techniques of turf 
grasses.—The large number of grass species required to satisfy the 
varying requirements of use, different climates and soils, and the 
artificial conditions imposed, in the production of turf throughout 
the United States results in the need for much information on adapted 
species, time, and rate of seeding, mulching, fertilizing, liming, irriga- 
tion, mowing, and weed, insect, and disease control. During World 
War II, when airports and military establishments were being grassed 
all over the country, the need for such information was brought force- 
fully into view. 


PAstTurE AND Rance Propucrion, CuLTurE, AND MANAGEMENT INVEsTTI- 
\ATIONS, INCLUDING S1LaAGE AND Hay Propucrion 


(BPISAE—a-4+-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the mose effective practices for establishment, culture, 
fertilization, cutting, and grazing management of various grass- 
legume combinations for hay, silage, pasture, or range in relation to 
productivity, persistence, quality of forage, stability, and uniformity 
of production, and other factors affecting the usefulness of grasslands 
in the farm program. In addition, studies are made of the physiology 
of grasses and legumes in laboratory and greenhouse under controlled 
conditions. Included also are comparative evaluations of native and 
introduced species in grass-legume combinations for hay, silage, and 
pasture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—4-7-1— Evaluation of grasses and legumes alone and in combina- 
tion for hay, silage, and pasture in humid areas and under irrigation. 
To compare yield, composition, and longevity of hay, silage, and pas- 
ture plants grown alone or in mixtures: and to determine the effect of 
different intensities of cutting or grazing on development, spreading, 
and persistence. 

a—4—7-2— Evaluation of grasses and tegumes alone and in combina- 
tion for adaptation to range conditions. To compare the yield, 
longevity, growth habits, and composition of native and introduced 
range plants when grown alone and in mixtures; and to determine the 
effect of different intensities of cutting or grazing on the development, 
spreading, and persistence. 

a—4—7-3—Establishment practices for permanent and rotation pas- 
tures, pasture renovation, and hay and grass silage. To determine 
effective and practical methods of seeding grasses and legumes alone 
and in mixtures; to determine the effect of these different methods on 
stand, development, spread, and persistence. 

a—1—7-4—Establishment practices for range revegetation in the 
Great Plains and intermountain region. To determine effective and 
practical methods of seeding grasses or other range plants alone or 
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in mixtures, and to determine the influence of methods of seeding on 
stand, development, spread, and persistence. 

a—4-7-5—Establishment practices on piney woods range lands. To 
determine grasses, legumes, or other forage plants best adapted to 
pine-forest range lands; the influence on establishment of different 
soils, forest type, herbaceous plant cover, seedbed preparation, fer- 
tilizing, etc., and the control and elimination of undesirable com- 
petition in new seedings. 

a—4+—7-6—Cultural and management practices of rotation, reno- 
vated, and permanent pastures; hay- and grass-silage meadows in the 
humid and irrigated regions. To determine the effect of different 
management and grazing systems on productivity and maintenance of 
stands of grasses and legumes in different pasture types; effective 
methods of improving rundown permanent pastures; and relative 
values of different grasses and legumes under various cutting treat- 
ments for hay and silage. 

a—4—7-7—Cultural and management practices of native and re- 
seeded range lands in the Great Plains and intermountain regions. To 
determine the effect of different systems and intensities of grazing and 
other range-management practices on sustained profitable livestock 
production; and to ascertain the grazing qualities of permanent 
grasses and other range plants when grown alone or in mixtures on 
abandoned farm lands. 

a——7-8—Cultural and management practices of piney-woods range 
land. To determine the effect of different grazing management prac- 
tices on revegetated cut-over forest land in terms of forage yield, per- 
sistence, and livestock performance; and to determine means of co- 
ordinating prescribed burning of native range with improved pastures 
or improved fire lanes to raise the production and nutritional level of 
the pastures. 

a—+-7-9—Cultural and management practices of annual and tem- 
porary pastures. To determine the practicability of using various 
annual crops for pasture and the succession of crops to provide uni- 
form pasturage throughout the season. 

a—4—7-10—Physiological responses of grasses to environmental fac- 
tors. To determine the physiological responses of grasses and legumes 
in pure stand or mixtures to environmental factors, including fer- 
tilizer, soil moisture, soil temperature, air temperature, humidity, 
length of day, quality and intensity of light, wind movement, and 
defoliation practices. 

a—4-7—11—Pasture, hay, and silage in crop rotation. To study the 
effect of grasses and legumes on production of cultivated crops and 
soil properties when both are grown in rotation; and to compare the 
production of rotation pastures with permanent and _ renovated 
pastures. 

a—4—7-12—Nutritive value and chemical composition of pasture, 
hay, and silage herbage as affected by different cultural and harvest- 
ing practices. To determine the effect of different soil treatments, 
chpping or grazing practices, climatic factors, and other environ- 
mental factors on relative chemical composition and nutritive value 
of different pasture and hay plants, including the composition of dif- 
ferent parts of the plant when grown alone or in combination. 
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a-4-_7-13—Development of techniques for studying and testing 
forage crops (pasture and hay plants). To develop techniques for 
studying and testing Senin orage crops, including pasture, hay, 
and silage plants; to determine reliability of techniques and to com- 
pare results obtained in early testing stages with results obtained when 
species or strains are put to ultimate use; and to develop and compare 
techniques for determining pasture production. 

a-4~(-14—Brush, shrub, and weed competition and control investi- 
gations on pastures and range lands. To study the effects of brush 
and weed control upon subsequent growth of forage and livestock; 
and to determine management practices required for maintenance of 
stands of desirable forage species, control of brush and weeds, and for 
maximum economy of livestock production. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Grasslands of the United States were long considered a natural heri- 
tage, neither deserving nor requiring the careful treatment accorded 
other field crops. Only in the past two or three decades has there 
been a recognition of the value of grasslands and the need for improve- 
ment of them in a balanced agricultural economy. Early work dealt 
with grasses and legumes for hay in permanent meadows or in crop 
rotations. Later attention was turned also to improvement of perma- 
nent pastures by use of better adapted legumes and grasses and by 
fertilization and management practices. The spread of the European 
corn borer focused attention on pastures in the Corn Belt for livestock 
feed while the disasters of the Dust Bowl days resulted in increased 
attention to reestablishment of profitable grass crops on abandoned 
farm lands and depleted ranges. Continued soil depletion from culti- 
vated cropping, surpluses of many field crops, and needs for diversifi- 
cation to provide a permanently profitable agriculture have combined 
to focus increasing attention on hay, silage, pasture, and range produc- 
tion and management. Current work is concentrated on (1) improve- 
ment of permanent pastures by renovation; (2) culture, fertilization, 
and management of pastures in the crop rotation; (3) use of supple- 
mental pastures for extending the grazing season and meeting emer- 
gencies of production; and (4) mixtures and combinations of species 
to give most profitable livestock production and soil improvement and 
to provide year-long grazing in the South. There is no backlog of 
farmer experience or research information on problems of establish- 
ment, culture, production, and management of hay silage, pasture, and 
range crops. Current research programs cannot keep pace with 
rapidly increasing requirements for such information during this 
period of transition of American agriculture to more extensive use 
of grasses and legumes. 


D. FUNDS--ANNUAL EXPENDITURES 


No specific allotments for these studies were made prior to 1935. 
As a rough estimate, annual expenditures varied from $700 in 1910 
to $10,000 in 1929. In 1929 an addition of $25,000 was allocated from 
European corn borer funds. These became part of the regular appro- 
priations in 1930, bringing the total to $35,000 for that year. The 
expenditures remained at about this level until 1940. During this 
period funds appropriated specifically for range investigations in the 
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southern Great Plains were offset by reductions in other work. From 
1940 to 1950 the annual allotment varied from $50,000 to about $120,000 
with increases appropriated specifically during this period for piney- 
woods range reseeding and rice-pasture investigations. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Abandoned farm land can be made profitable —Extensive reseeding 
tests in the southern Great Plains since 1937, and 4 years of compara- 
tive grazing trials, show that farm land of questionable value for culti- 
vated crops can become profitable when reestablished to native grasses. 
Such reseeded pastures have supported more cattle and produced two 
to four times as much beef per acre as well-managed native range. 
The annual profit from pastures seeded to sand lovegrass, for example, 
has been three times the original cost of the land. 

Sagebrush and shrub control in range improvement.—Millions of 
acres of range land in the West are heavily infested with sagebrush and 
other shrubs which seriously compete with adapted forage grasses. 
In brush-control experiments, mowing in June on two successive years 
reduced 91 percent of the sagebrush and 73 percent of the skunk brush. 
This treatment doubled the grass cover and potential production of de- 
sirable species. Mowing in June every other year was significantly 
less beneficial to the grasses and less harmful to the sagebrush but was 
more effective in controlling skunk brush. Mowing any time from the 
middle of May to the end of June appeared to be effective in subduing 
sagebrush and improving the grass cover while mowing at other sea- 
sons was less effective. In recent research, chemical sprays have 
proved especially promising, particularly since spraying is less costly 
than mowing and more acres can be covered in less time. 

Effect of lime and fertilizer on permanent pasture production.—Top 
dressing of permanent pastures in the humid areas with lime and 
superphosphate has become an established improvement practice as 
a result of research on this problem. This treatment gives consider- 
able increases in production and improvement in nutritive value due 
to changed botanical composition compared with unimproved per- 
manent pastures. Soil analyses following surface applications of 
these elements showed that the limestone and phosphorus were con- 
fined largely to the 114-inch surface layer and penetration was negli- 
gible in the 3- to 5-inch layer. In these experiments as much as 2,000 
pounds of 20-percent superphosphate per acre was applied over a 
4-year period. This emphasizes the need for tillage as is now provided 
by pasture renovation to distribute applied lime and phosphate 
throughout the root zone. 

More summer grazing from renovated pastures—Renovation has 
proved to be the most effective method of improving permanent pas- 
tures and this method is now being used extensively. In the year of 
renovation, production of total digestible nutrients after July 15 has 
been 26 percent greater from renovated pastures than from comparable 
highly productive permanent pasture that was not renovated. In four 
succeeding years, renovated pastures produced an average of 50 per- 
cent more total digestible nutrients than the nonrenovated. Even 
more striking results have been obtained when the original pastures 
were average to poor, with production increases of as much as five 
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times. Furthermore, the production from renovated pastures comes 
earlier in the spring, later in the fall, and is higher in midsummer. 
These are critical periods in the grazing program. The strong turf 
of these renovated grasslands also retards water runoff and_soil 
erosion, thereby reducing the danger of floods and filling of dams 
and harbors. with mud. 

Revegetation of denuded areas with adapted grasses is the key to 
soil stabilization in the Great Plains. Federal action agencies were 
in dire need of successful procedures for the reestablishment of native 
grasses, particularly on abandoned plowland. Experiments have 
shown that sorghum and Sudan grass stubble cut at a height of 12 to 
15 inches, before seed matured, “provided the best possible seedbed. 
The method is particularly adapted to the Dust Bowl and other parts 
of the southern Great Plains. The value of Sudan grass and sorghum 
stubble for temporary cover and as a seedbed for perennial grasses 
was again demonstrated during the past year when soil blowing 
again threatened i in these areas. 


F. SOME ADDITIONAL WORK NEEDED 


Improvement of brush-infested range lands of the southern Great 
Plains.—Deterioration of range lands of the southern Great Plains 
through brush infestation and loss of grass cover is threatening these 
vast resources for livestock production. There are more than 65,- 
000,000 acres of brush-infested lands in Texas alone and the remainder 
of range land is in imminent danger of being invaded. The three 
essential phases of needed work are eradication, revegetation, and 
maintenance. Preliminary work indicates that ranges can be de- 
veloped by man that are superior to the native range. In the first 
place, information is required on the best grasses or combinations of 
grasses for reseeding range lands in the southern Great Plains. 
Second, there are not yet seed supplies or knowledge of how to obtain 
seed supplies of the best grasses. Third, information on methods 
of establishing grasses in the native ranges is too limited to permit 
generally successful revegetation by seeding. Finally, investigations 
of management practices are required for maintenance of stands of 
desirable forage species, control of brush, and maximum economy of 
livestock production. 

Investigations on mountain meadows.—In the past several years 
there has been a gradual but steady decline in the yield and produc- 
tion of mountain meadows in the intermountain States. Quality of 
forage as well as the yield has declined. These meadows have been an 
important source of summer grazing and hay for winter feeding of 
livestock. For improvement in the mountain meadows there is critical 
need for research information on species and species mixtures for 
maximum production and nutritive value, methods of establishing new 
species mixtures, grazing and cutting management for best production 
and most efficient utilization of the forage, and responses of varieties 
of the adapted grasses and legumes. These factors must be studied 
in relation to various fertilizer and water-management treatments. 

Development of irrigated pasture—The improvement of over 
3,000,000 acres of irrigated pastures offers the most practical and eco- 
nomical method of insuring more stable livestock feed in the arid and 
semiarid regions of the western United States. Supplemental irri- 
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gation may be important in the humid areas also where limited rainfall 
during the critical period reduces pastures and forage production. 
Improved irrigated pastures offer possibilities of intensive produc- 
tion with carrying capacity of four to six animal units per acre. In- 
formation on water requirements of different species or mixtures under 
varying soil and climatic conditions must be determined. Laboratory 
and field studies are necessary to supply such information. For 
most effective development of irrigated pastures, research information 
is required on species mixtures that will provide most efficient re- 
turns of total digestible nutrients, grazing and cutting management 
practices for best returns and sustained production, and fertilizer 
and water requirements in relation to species mixtures and manage- 
ment practices. Water requirements per unit of dry matter produced 
is a critical factor in irrigated pastures. Preliminary laboratory 
and greenhouse experiments indicate that considerable advancement 
in this regard is possible through breeding varieties with lower water 
requirements. There is real need for pursuing this important lead. 

Doobleganact of improved production of grasses and lequmes to 
provide year-long grazing in the South for economical livestock pro- 
duction.—In no other area in the United States is there such a need 
for increased acreages of grasses and legumes as in the South. One- 
crop systems of farming have resulted in losses of soil fertility, de- 
cline in yield and economy of intertilled crop production. The im- 
portance of forage crops for pastures in the South has been increas- 
ingly recognized in recent years. Only limited research information 
is available on kinds of species to use and methods of establishment and 
management. Winter-growing grasses now available meet only par- 
tially the needs for year-round grazing. There is a critical need for 
information on growth habits, time and method of seeding, intensity 
of grazing, and many other factors to determine the most productive 
and nutritious pastures. Basic information on responses of these 
species to environmental and managerial factors is needed. 

Physiological responses of grasses and legumes to environmental 
factors—There is very little basic information on the responses of 
grasses and legumes to soil and air temperature, relative humidity, 
soil moisture, light intensity, day length, and other environmental 
factors. Asa result, determination of adaptation of species to various 
areas of the United States and of management practices conducive 
to maintenance of stands and most efficient sustained production must 
be made from experiments designed largely on a trial-and-error basis. 
Similarly, little is known of the factors involved in successful asso- 
ciation of species in mixtures, yet almost always pasture, hay, and 
silage plants are grown in mixtures of two or more species. Basic 
information from laboratory, greenhouse, and climatic contol-room 
experiments would contribute immeasurably to the solution of cul- 
tural and management problems. 


Pasture IMPROVEMENT IN THE 12 NorTHEASTBRN STATES 


(BPISAE—SRF-3-2—Federal-State—SRF Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


_ In cooperation with the 12 State agricultural experiment stations 
in the northeastern region, to develop plant materials and discover 
facts helpful in the improvement of pastures. The ultimate aim is to 
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produce nutritious herbage for grazing animals throughout the en- 
tire séason—from early spring to late fall. The current work in- 
volves breeding to create improved varieties, evaluation of facts under- 
lying effective pasture management, and a study of the chemical 
composition of pasture plants as affected by various factors. 


B. CURRENTLY ACTIVE LINE PROJECTS 


The research under this project has not yet been included under the 
research line project system. The following lines of investigation 
correspond to research line projects. 

Fundamental breeding studies —To determine the chromosomal be- 
havior (pairing, movement, and other activities in relation to cell 
division and reproduction) of the various forage species and inter- 
specific hybrids; to investigate the inheritance of economic characters, 
to determine breeding behavior of important species in relation to de- 
velopment of more etfective breeding methods, and to produce superior 
strains of forage grasses and legumes by coordinating the United 
States Regional Pasture Research Laboratory’s breeding program 
with those at cooperating stations in the northeastern region. 

Environment and the growth of forage plants—To determine the 
effects of climatic factors and defoliation practices on productivity 
and longevity of forage plants; to determine the importance of car- 
bohydrate food reserves of plants in relation to survival after cut- 
ting or grazing, to the production of forage, and to the competition 
between species in a pasture mixture; to determine the climate existing 
near the ground surface and among growing grasses and clovers in 
relation to the occurrence and prevalence of disease and insect injury 
to these plants. 

Physical and chemical properties of soils.—To investigate the rela- 
tion of the physical and chemical properties of soils to the persis- 
tence of perennial legumes and to grassland improvement; to investi- 
gate water relations in soils used for pasture production; and to deter- 
mine the effectiveness of various soil-management and fertilizer prac- 
tices in grassland improvement. 

Cultural practices and management of forage species—To deter- 
mine practical methods for the establishment of pastures and to deter- 
mine grazing management systems which will provide nutritious 
forage throughout the grazing season and yet maintain vigorous 
plants of the various pasture species. 

Chemical composition of grasses and legumes.—To develop and im- 
prove methods for determining the chemical composition of pasture 
plants as it may reflect nutritive value, and to attempt to evaluate by 
chemical analysis the nutritive value of various species and strains 
at different stages of maturity and seasons of the year. 

Disease studies.—To identify and study the important diseases of 
forage crops in the northeastern United States; and to aid in breed- 
ing for resistance to these diseases by developing techniques for test- 
ing large numbers of plants. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The United States Regional Pasture Research Laboratory was sec- 
ond of the nine regional research laboratories established under title 
I, section 4, of the Bankhead-Jones Act approved June 29, 1935. 
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Previous to that time pasture research in the Northeast had been con- 
cerned primarily with experimentation on top-dressing pastures with 
lime and fertilizer. Yields were increased thereby but seasonal peaks 
remained. Later, by grazing management and pasture renovation, 
and particularly by the introduction and more widespread use of 
larger pasture plants such as Ladino clover and orchard grass, it was 
possible to obtain more uniformity in production throughout the 
grazing season. At first, the research at the laboratory was of a 
basic nature, but later it became more or less applied, partly because 
of World War IT and partly because of an effort to keep the laboratory 
attuned to the needs of the region. Now with State experiment sta- 
tions in the region assuming increasing responsibility for the applied 
research phases, the laboratory program is again of a more funda- 
mental character to provide information of regional application re- 
quired by the State stations for effective development of their pro- 
grams. For example, when the laboratory was established, breeding 
for improvement of pasture plants was practically nonexistent in the 
region. Subsequently, active breeding centers have been developed 
in the Northeast so that now the laboratory is free to give less atten- 
tion to breeding and place more emphasis on developing plant ma- 
terials and methods essential to a breeding program. The range of 
climatic and soil conditions in the Northeast makes it unlikely that 
new varieties of pasture plants could be developed at any one loca- 
tion and be equally well adapted over the entire region. 


D. FUNDS AND ANNUAL EXPENDITURES 


The original allotment for the fiscal year 1936 was $40,324. This, 
together with $97,786 the succeeding year, was used primarily for 
erecting and equipping a laboratory building and greenhouses. The 
annual allotments from 1938 to 1946, inclusive, varied from $53,573 
to $63,580. Since then, annual allotments have varied from $68,200 
to $75,400 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Integration of pasture research in the region—Perhaps the most 
outstanding accomplishment of the Pasture Laboratory has been its 
part in cooperation with the 12 Northeastern State agricultural ex- 
periment stations in effecting a unified attack on the pasture problems 
of the region. Previous to the establishment of the laboratory, 12 
groups carried on pasture research more or less independently. Now 
these same groups and the laboratory staff are working together ef- 
fectively on regional problems. 

Cytogenetic analyses of pasture plants.—The cytogenetics behavior 
of chromosomes, and other characteristics relating to inheritance and 
breeding performance) of the major forage species has been studied 
as a necessary aid to plant improvement. For example, orchard grass 
was found to possess four closely related sets of chromosomes (the 
cell bodies determining heredity) which account for the complexity 
of breeding and inheritance behavior. Inbreeding has been found to 
result in irregular chromosomal behavior and consequently a reduc- 
tion in fertility. Chromosomal analyses of presumed ancestral types 
of orchard grass have been of value in obtaining new types of plants. 
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Basic chromosomal studies have also been conducted with bromegrass, 
meadow fescue, timothy, and Ladino clover. The genetic factors 
governing self fertility and other characters in Ladino clover have 
been isolated. 

Isolation of disease-resistant clones.—A technique was developed 
for testing, both in the greenhouse and field, a great number of Ladino 
clover and red clover plants for their resistance to Sclerotinia crown 
rot, and by using this method, relatively resistant plants were iso- 
lated. In similar studies of Fusarium root rot of red clover, some 
plants showing resistance were discovered. ‘This accomplishment may 
be of particular importance since Fusariwm root rot is undoubtedly 
one of the principal causes of loss of stand in 2-year-old red clover. 

Development of improved strains of pasture plants—Several of the 
new varieties and clonal lines of pasture plants now being increased 
and tested for local adaptation and usefulness in various locations in 
the region were developed at the Pasture Laboratory. In addition, 
a large number of other plants of orchard grass, bromegrass, Ladino 
clover, and alfalfa selected at the laboratory have been distributed 
to the experiment stations in the region for testing and use in develop- 
ment of new varieties. 

The relation of microclimate (climate in the zone of plant growth) 
to plant growth and diseases.—Studies of the climate near the ground 
among growing forage plants have shown that while the mean daily 
temperature in this zone is the same as that reported by the United 
States Weather Bureau at 5 feet or higher, the daily extremes in tem- 
perature are 5° to 10° F. greater. Relative humidities are much higher 
and wind velocities are much lower in the midst of growing vegetation 
than aboveit. Equipment has been designed and constructed wherein, 
under controlled conditions, the effects of such factors as temperature, 
relative humidity, and light can be studied. Results have shown that 
the cool weather in early spring or late summer favors germination 
and seedling growth of most of the perennial forage species used in 
the Northeast, but that higher temperatures which often occur follow- 
ing a late spring seeding provide conditions unfavorable for seedling 
establishment. Additional work has indicated that Sclerotinia, a 
fungus that is one of the causes of winter-killing of Ladino clover and 
several other important legumes, seriously infects Ladino clover only 
during periods of cool and moist conditions down to freezing tempera- 
tures. Fusarium, a fungus disease of red clover, is injurious only dur- 
ing warm weather. 

Day-length studies utilized in producing two generations per year 
in perennial plants.—That most perennial grasses flower but once dur- 
ing a growing season has been shown to be due to their requirement of 
a short-day preconditioning period prior to the flowering response 
induced by the longer days in the spring. By artificially controlling 
day lengths, two generations are obtained in 1 year for purposes 
of breeding and genetic investigations. 

Biochemical studies.—The carbohydrates that serve as important 
reserve substances in grasses have been identified as being those that 
are soluble in water. These findings are utilized in evaluating’ the 
effects of climatic factors and of management practices on plant re- 
sponses. (Grass species that mature early were found to be higher in 
protein than later species at comparable stages of growth. 
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Water losses from pastures.—Investigations showed that because of 
excessive soil compaction by grazing animals, runoff during storms 
of high rainfall intensity may cause serious water losses even on well 
fertilized pastures. 

Growth of clover on sterilized soil—The failure of clover and cer- 
tain species to grow on some partially sterilized soils is corrected by 
the application of phosphate fertilizer either before or after 
sterilization. 

Better methods of pasture improvement.—Studies of factors affect- 
ing seedling aa aasaed and subsequent plant growth led to the 
development of more effective methods for converting run-down grass- 
lands to high-producing pastures and meadows. In pasture renova- 
tion experiments, in which these methods were utilized, yield increases 
of two, four, six, and five times over the unimproved pasture were 
obtained in four successive years following renovation. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of nutritive values of forage species based on animal 
trials—The present work on nutritive value is limited to chemical 
analyses of plants. It is recognized, however, that with existing 
knowledge animal trials are required to evaluate properly the nutri- 
tive value of various pasture species as well as to determine the effects 
of environment and management on nutritive value. Nutritional 
studies using animals are too costly to permit their use in testing the 
large number of management treatments that must be evaluated or to 
screen the large number of plants and lines necessary in breeding 
improved varieties. It is essential that laboratory methods be de- 
veloped by which nutritive values of forage can be determined ac- 
curately and expeditiously. 

Harvesting, curing, and preservation of herbage—FEarly-cut hay 
is much superior to late-cut hay in feeding value, but adverse weather 
conditions at the time of early hay making often result in a partial or 
even a complete loss of the crop. The problem i is becoming increas- 
ingly serious, because higher yielding crops of forage are being pro- 
duced. The ‘development of ‘procedures that would minimize losses 
in harvesting, curing, and preserving high-quality forage would be a 
major contribution to grassland agriculture. 

Selection and breeding of plants and lines of grasses and legumes 
having characteristics desved im improved varieties —Improved vari- 
eties are a composite of as many of the superior characteristics as it is 
possible to obtain. Frequently genes for specific superior characters 
are rare in a Species and can ie obtained only after intensive search 


through material from sources all over the world. For example, 
birdsfoot trefoil has dehiscent pods (pods that split open and shatter 
easily). So far no plant with nonshattering pods has ever been 
found. Such plants probably do exist, however, as indicated by their 
presence in other legumes. Search for such characters and eventual 
distribution to cooperating plant breeders of plants or lines carrying 
them would be a regional program with far-reaching benefits. 
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INVESTIGATIONS OF INsEcTs ATTACKING LEGUME CROPS 
(BEPQ—I-e-10—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and improve practical control measures for the serious 
insect enemies of legume crops, such as alfalfa, various clovers, cow- 
peas, peanuts, and soybeans grown for forage and for seed. Efforts 
now are devoted mainly to: (1) Studies on the effectiveness of new in- 
secticides when applied with ground or air equipment against insect 
pests of legumes, and (2) the determination of the amounts of insec- 
ticidal residue remaining on the treated crops at harvesttime. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-10-1—Insecticidal control of potato leafhoppers attacking 
alfalfa. To develop practical methods for insecticidal control of the 
potato leafhopper attacking alfalfa. 

[-e-10-3—Insecticidal control of thrips attacking peanuts.—To 
develop practical methods of insecticidal control of thrips that injure 
peanut plants. 

I-e-10-4— Ecology basic to cultural and insecticidal control of mirid 
and pentatomid plant bugs. To accumulate information on the hab- 
its of lygus and stink bugs in order to develop and improve cultural 
and insecticidal methods of their control. 

I-e-10-5—Insecticidal control of mirid and pentatomid plant bugs. 
To develop practical methods for iisectinidal contol of lygus and 
stink bugs attacking legume crops. 

I-e—10-6—Insecticidal control of clover root insects. To find in- 
secticidal means of preventing clover root insects from shortening the 
life of red clover plants. 

I-e-10-7—Biology and control of sweetclover weevil. To develop 
and improve practical methods of control. 

I-e-10-9—Surveys to determine species affecting legume seed pro- 
duction. To determine the kinds, distribution, and importance of 
insects affecting legume seed production. 

I-e~10-10—Insecticidal control of alfalfa weevil and its relationship 
to an imported parasite. Evaluation of promising new insecticides ; 
comparison of effectiveness of various dosages for control of larvae; 
and effect of their use on the alfalfa weevil parasite. 

I-e-10-11—Biology and control of clover seed weevils. To accu- 
mulate information on the habits and importance of these weevils and 
to develop cultural and insecticidal methods for their control. 

I-e-10-12—Biology and control of meadow spittlebug. To accu- 
mulate information on the habits of the meadow spittlebug in order 
to develop practical methods for cultural or insecticidal control of 
this insect on legume crops. 

J—e—10-—13—Insecticidal control of the southern corn rootworm at- 
tacking peanuts. To determine if insecticides can be used on a practi- 
‘al basis, either applied to the soil against the worms or to the peanut 
foliage against the adults, to control the southern corn rootworm. 

I-e-10-14—-Varieties of alfalfa resistant or tolerant to pea aphid. 
To find sources of resistance or tolerance to the pea aphid in alfalfa 
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for use in the breeding of agronomically desirable varieties, in coopera- 
tion with BPISAE and State experiment station alfalfa breeders. 

I-e-10-15—Insecticides for control of pea aphid on alfalfa. To 
develop practical and economical insecticidal measures for controlling 
the pea aphid on alfalfa. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies on alfalfa insects and their control were initiated in 1904 
when the destructiveness of the alfalfa weevil became apparent in 
Utah. Attention of early workers was devoted mostly to the biology 
of the insect and its control by cultural, mechanical, biological, and 
insecticidal methods. The studies resulted in the establishment of one 
partially effective imported parasite, the demonstration of substantial 
control by early cutting of the first crop of the season and maintenance 
of thick heavy stands, and the use of arsenical dusts or sprays. In- 
vestigations on this pest were terminated in 1942. Studies were started 
in 1912 in Oregon on insects affecting the production of clover and 
Austrian pea seed, particularly on the clover flower midge, clover root 
borer, clover root curculio, lesser clover leaf weevil, and the pea aphid. 
Intensive studies on the pea aphid on alfalfa were conducted in Indi- 
ana during 1913-15, and work started in California in 1923 has been 
continued to date. Studies on varietal resistance of alfalfa to the pea 
aphid were conducted in Kansas from 1934 to 1949. In 1910 studies 
were started in Arizona on legume insects such as the clover seed 
chalcid, alfalfa caterpillar, and red harvester ant, and in 1912 studies 
were begun in California on the clover seed chalcid and the alfalfa 
caterpillar. The green clover worm was studied intensively in Ten- 
nessee during 1914-15. Investigations were begun in Virginia in 1928 
on the potato leafhopper as a pest of alfalfa and later as a pest of 
peanuts. During 1934 work was initiated in Arizona on lygus and 
stink bugs as they affect alfalfa seed production. Additional studies 
on lygus bugs and other insect pests of seed alfalfa were conducted in 
Utah beginning in 1939. In 1946 increased funds were made available 
for a cooperative study of insects affecting legume seed production, in 
which agronomists are responsible for general crop improvement, and 
entomologists for control of injurious insects and for studies on bees 
and other pollinating insects. (See BEPQ Work Project I-g-3—In- 
sect Pollination Investigations—Chapter 38.) These studies have led 
to the publication of several bulletins giving results and conclusions 
on the life history and habits of the insects as well as on the most 
effective methods for controlling them. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimated expenditures during the early years of this work are 
difficult to obtain because the funds were appropriated for general 
cereal and forage insect investigations and most of the workers were 
not restricted in their research to the insects attacking legumes. Prob- 
ably less than $2,000 was spent on legume insects each year from 1904 
to 1909. Research on five important legume insects, started in 1910-12, 
required about $40,000 annually until 1920. From 1921 to 1935 aver- 
age annual allotments ranged from $12,000 to $39,000, particularly for 
investigations on the alfalfa weevil. Annual expenditures varied 
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from $19,000 to $50,000 from 1936 to 1946. The program was expanded 
as a result of allotments of $90,500 to $96,000 each year during the 
years 1947-49. The allotment for the fiscal year 1950 was $95,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Biological information of insects attacking legume crops an essential 
aid in development of control measures.—A very important backlog 
of information on more than 50 species of economically important 
insects attacking legume crops is now available. These data include 
information on life history, host plants, distribution, parasites and 
predators, etc., of these insects. Although still incomplete, this infor- 
mation is of inestimable value in planning effective control measures 

Alfalfa weevil control methods developed.—Practical control meas- 
ures for this important pest of alfalfa in the West, involving cultural 
and insecticidal measures as well as partial control by an imported 
parasite, have been developed, and are generally adopted in infested 
areas. 

Control developed for potato leafhopper on peanuts.—Increased 
yields of field-cured peanuts and peanut h lay averaging approximately 
25 percent are obtained when control methods developed recently are 
applied to control this insect and peanut leafspot. This control meas- 
ure can be applied without danger from harmful residues. 

Control of lygus bugs developed for use on alfalfa grown for seed.— 
The reduction in yield of alfalfa seed in Utah from an average of about 
i0 million pounds per year prior to 1928 to only 114 to 4 million pounds 
annually during 1928-45 is attributed largely to damage by insects, 
particularly lygus bugs. A practical method was dev eloped to control 
lygus witha single insecticide application as a dust or spray when the 
crop is just beginning to bloom. If an additional treatment during 
the bloom stage becomes necessary, another insecticidal dust was de- 
veloped to be applied before 7 a. m. or after 7 p. m. to’avoid injuring 
bees. Yields of alfalfa seed in Utah, Arizona, and other Western 
States have been greatly increased and more than doubled in many 
instances by giving attention to pollination and by use of these methods 
for insect control. 

Control deve lope ad for ve tch weevil on hairy vetch.—The general 
use of a single properly timed application of insecticidal dust for 
weevil control has saved the hairy vetch seed-producing industry of 
Oregon where most of the seed supply of this important cover crop is 
grown and where this industry was threatened with extinction by the 
weevil. 

Control developed for pea aphid in alfalfa—It was demonstrated 
that this aphid can be controlled on alfalfa by the epplication of cer 
tain newer insecticides. 

Alfalfa strains discovered resistant to pea aphid —A\Mfalfa varieties 
and selections having very high resistance to the pea aphid have been 
discovered. The use of these in the alfalfa breeding program should 
eventually result in the production of aphid-resistant as well as other- 
wise desirable varieties. 

Some accomplishments showing promise but needing further veri 
fication are: (1) Control of the southern corn rootworm and the 
tobacco thrips on peanuts by applications of insecticides to the soil: 

(2) control of the clover root borer in red clover by applying insecti- 
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cidal dusts to the crowns of the plants immediately prior to flight of 
the adults; (3) control of the clover seed weevil in white Dutch 
clover by a single eee of insecticidal dust when about 20 
percent of the heads have turned brown; (4) control of the meadow 
spittle bug on red clover by the same insecticidal treatments made 
for control of the clover root borer; and (5) control of stink bugs and 
clover seed chalcid as pests of alfalfa with parathion or mixtures of 
DDT and lindane. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of the available new insecticides, and of the additional 
ones constantly appearing, for controlling the several important in- 
sect pests of forage crop legumes is essential. More practical methods 
for using insecticides on legume crops should be developed and ‘the 
hazards involved in their use should be determined. 

Biological studies of many insects attacking legume crops should 
be continued because this information is basic to the development of 
effective control measures. 

Development of varieties of different legume crops resistant to in- 
jurious insects is needed, especially in cases where other practical con- 
trol measures have not been developed. 

Effeet of injury by vertain insects.on the stand of such crops as al- 
falfa and red clover is known to be considerable. Its importance and 
prevention need further study. 


RESEARCH ON THE RHopEs-Grass SCALE AS A Pest or Pasture GRASSES 
(BEPQ—RM: b—536—-Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to investigate the importance, distribu- 
tion, habits, and control of the insect Rhodes-grass scale. This pest 
has destroyed an estimated 100,000 acres of Rhodes-grass pasture in 
extreme south Texas during recent years and thus is a serious detri- 
ment to the large livestock industry in that area. Stands of Rhodes 
grass that formerly persisted for many years are ruined by it in 3 or 
t years. It also attacks many of our most desirable native grasses and 
is a nuisance on lawns and golf greens. It is therefore necessary first 
to obtain a fundamental knowledge of the insect itself as a basis for 
the development of effective control methods, then to test such cul- 


tural, biological, and insecticidal methods of control as may be indi- 
cated. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-536-1—Biology. To determine in detail the life history and 
habits of the scale as a basis for the development of control measures. 

RM: b-536-2—Distribution and abundance. To determine the 
abundance and distribution of the scale, its host plants, and the rela- 
tion of its abundance to cultural and livestock grazing practices. 

RM : b-536-3—Insecticidal control. To determine the effectiveness 
and practical value of insecticides for controlling the scale. 

RM : b-536-4—Biological control. To utilize natural enemies of 
the scale as an aid in its control. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The Rhodes-grass scale, discovered in 1942 in southern Texas, is 
now known to be common in extreme southern Louisiana and in 
Florida as far north as Ocala. No satisfactory control for this insect 
has yet been discovered. Research on the scale was initiated in 1948 
at the request of Texas ranchmen and the Texas Agricultural Experi- 
ment Station, since stockmen felt that the pest was one of the most 
serious threats to the great ranges of the Southwest. 


D. FUNDS—ANNUAL EXPENDITURES 


An allotment of $15,000 was provided for this project in the fiscal 
year 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Distribution and host plants determined.—The scale has been found 
in 48 counties of southern Texas, in 13 counties of Florida, and in 12 
parishes of Louisiana to date. It has been identified from 40 kinds 
of grasses. 


Parasites imported, reared, and liberated——A small wasplike para- 
site of this scale was imported from Hawaii in 1948. A method of 
rearing it in considerable numbers has been developed. Field releases 
of it have been made and it has apparently become established on the 
scale insect in several localities. 


F. SOME ADDITIONAL WORK NEEDED 


Investigations to determine the importance, distribution, habits and 
control of the Rhodes-grass scale are only in the preliminary stages. 
They should be continued along the lines indicated by the active line 
projects until practical control measures are found. 


CROSS REFEREN CES——-PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE a-l-20, Chapters 2 and 24, pastures and hay crops. 
3AKB a-l-22, Chapter 24, relation of feed and livestock production. 
BAIC RRL—4+4, Chapter 14, vegetable wastes as feed. 
3AIC RM: a—166, Chapter 15, use of potatoes as feed. 
BAIC RM: a-—188, Chapter 5, grain byproducts processed into nutrients for 
feed supplements. 
3AIC, BAI, BDI RM: a-307, Chapter 14, byproducts as feed. 
BAI h-1, Chapter 35, sanitary control of improved forage. 
BDI a-4-3, Chapter 2, improving dairy herds. 
BEPQ I-e-8, Chapter 31, white fringed beetle investigations. 
BEPQ I-e—9, Chapter 5, insects attacking cereal and grass crops. 
BEPQ 1-g-2, Chapter 38, bee management. 
BEPQ I-g-3, Chapter 38, insect pollination of legumes. 
BEPQ I-k-2, Chapter 31, biological control of Klamath weed on ranges. 
BEPQ l-m-3, Chapter 31, insecticide residues. 
BEPQ, White fringed beetle control, Chapter 35. 
BEPQ, BAI, BDI, BPISAE RM: b-72, Chapter 31, toxicological effects 
insecticides, herbicides, etc. 
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BPISAE b—11-2, Chapter 38, introduction and evaluation of alfalfa and clover. 

BPISAE b-12-1, Chapter 31, nematode studies. 

BPISAE d-1-1, Chapter 22, soil management in forage production. 

BPISAE d-1-2, Chapter 22, soil management in growing grass in dryland 
areas. 


BPISAE d-1-3, Chapter 22, forage crop growing under irrigation. 

BPISAE d-1-4, Chapter 22 (1) legume inoculation; (2) identification of se- 
lenium as a topic substance in forage produced in certain areas. 

BPISAE e—4-1, Chapter 30, drying hay and forage on farms. 

BPISAE SRF-3-10, Chapter 22, relation of soil to nutritional content of forages, 

BPISAE RM: b-48, Chapter 31, research on nematodes. 

BPISAE RM: b-57, Chapter 31, weed control. 

BPISAB RM: b-111, Chapter 38, introduction and testing of new plants, ete. 

BPISAE RM: c-439, Chapter 9, distributing of foundation seed stocks 

BPISAE RM: b-527, Chapter 9, production of seed. 


BPISAE, BDI, BAE RM: b-99, Chapter 22, influence of soil deficiencies 
on forage production. 


BPISAE, BEPQ RM:b-—68, Chapter 30, equipment and formulations for in- 
secticides. 
PISAE, SCS RM: b-324, Chapter 22, soil and irrigation studies. 
d-—4-1, Chapter 21, grazing management. 
d—4-2, Chapter 21, range reseeding. 
FS d-4-38, Chapter 21, range forage investigations. 
SCS, BPISAE, OES RM: b-74, Chapter 22, erosion control for improving 
forage grasses and legumes. 
BAI-b-—2-2, Chapter 4, sheep feeding. 


_B. UTILIZATION 


Economic Uriization or Farm-Grown Freps rn Livesrock 
Propucrion 


(BAE—RM: a-60—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine feasible opportunities for substituting forages 
and other feed crops for surplus or prospectively surplus cash crops, 
such as wheat and cotton, in representative farming situations; (2) 
ascertain the economic costs and advantages to farmers of such sub- 
stitutions; and (3) measure the relative profits to be made on repre- 
sentative farms when forage crops are grown in place of cash crops 


or when alternative methods of harvesting and utilizing forage crops 
are adopted. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-60.2—Possibilities of utilizing wheat for feed and its rela- 
tion to forage production in western areas. To learn and to analyze 
the feasibility of using wheat for feed, and the relative profits to 
be made on representative farms when wheat is grown for feed and 
when other feed and forage crops are grown on excess wheat acres. 

RM: a-60.3—Economics of pasture and forage utilization in Ala- 
bama. To compare present and improved pasture practices and the 
costs of establishing and maintaining various types of pasture; to 
learn the effect of increased pasture use on the quantities of supple- 
mental feeds used and on beet and milk production and incomes; and 
to appraise the improvements in income that farmers can make by 
shifting to pasture-livestock systems of farming in Alabama. 


78052—51—vol. 145. 
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RM: a-60.4—Economics of the production and utilization of more 
grass and legumes in systems of farming in western Iowa. To make 
an economic appraisal of the possibilities for more profitable utili- 
zation of grasses and legumes and for substituting them for cash 
crops on typical farms in western Iowa. 

RM: a-60.5—Economics of making and utilizing grass silage. To 
explore and appraise the potential improvements in farm income and 
the farm-management problems associated with the introduction of 
grass silage into typical Wisconsin systems of farming, and to cooper- 
ate with representative farmers in testing the practicability of utiliz- 
ing grass silage and its effects on costs of operation and on farm 
incomes. 

RM: a-60.6—Methods of harvesting, storing, and feeding alfalfa in 
Colorado. To learn the relative costs and the relative quantities of 
beef produced when alfalfa is harvested, stored, and fed in various 
ways. 

RM: a-60.7—Economics of irrigated pastures in Colorado. To ex- 
amine practices and costs of establishing and maintaining irrigated 
pastures of various types, and their utilization, and to find out about 
returns in terms of beef production and net income. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work was initiated in October 1947 on the present work project. 
In the initial phases, pertinent data from secondary sources were 
assembled and analyzed. State agricultural experiment stations and 
substations, and other informed agencies and persons throughout the 
country, were approached for data and for judgments on the more 
promising opportunities for substituting forages and other farm- 
grown feeds for cash crops. In many parts of the country, farmers 
were interviewed who have successfully shifted from cash crops to 
forage and livestock systems of farming. Their operations were 
studied to learn the costs involved in such shifts and their effects on 
investments, income, and amount of labor needed under the two sets 
of conditions. After completion of this general inquiry, detailed 
studies were started in several local areas to develop more specific re- 
search information. 


D. FUNDS—ANNUAL EXPENDITURES 


Funds spent on this work have increased from $27,000 in fiscal 
1948 to $56,000 in fiscal 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of place of forage and pasture in farming systems.— 
The reconnaissance phase of the project resulted in the publication of 
USDA Miscellaneous Publication No. 702, Will More Forage Pay ?— 
Economic Aspects of Using More Pasture and Forage on Farms. This 
report provides an over-all appraisal of the place of forage in American 
farming and the feasibility of substituting forage and livestock pro- 
duction for cash-crop production. The report was very timely for 
pointing up Department programs designed to encourage grassland 
farming. Adjustments in this direction can effectively combat threats 
of surplus production of some crops, improve the national diet, help 
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conserve soil resources, and lend greater stability to farm income. It 
was found that many Corn Belt farmers can profitably develop grass- 
land systems of farming by improving their practices in producing 
and feeding the forage crops. Greater incomes on high-forage farms 
come from the complementary effect of grass and legumes on acre 
yields of grains ond from the larger volume of business developed 

y feeding more forage and grain to roughage-consuming livestock. 
But changing over to a system of farming with more grass and more 
livestock generally requires more days of work, new investments of 
capital, a greater variety of skill in management, and involves greater 
risks. Net farm returns are increased, but the return for each hour 
of labor is not so large as before the change to the larger volume of 
business. 

An economic appraisal of the place of grass silage on Wisconsin 
dairy farms demonstrates that production and utilization of grass 
silage would increase farm returns on many of these farms. The pro- 
duction and quality of grasses and legumes is greater when put up as 
silage, and substitution of grass for corn silage leaves more grain for 
hogs and poultry. The chief obstacles to rapid adoption of grass 
silage are the heavy harvesting labor without field choppers, lack of 
knowledge of how to get a good quality product and good feeding re- 
sults, and fear of damaging the silo with grass silage. Grass silage 
would not fit some small farms with the harvesting and storing meth- 
ods now available. Preliminary results in Alabama indicate that 
new pasture crops such as fescue, Ladino clover, and hardseeded crim- 
son clover, and improved production practices such as heavy fertili- 
zation on other pasture crops, may make pasture-livestock systems 
of farming profitable on much smaller farms than was possible before 
these practices were developed. 

Formulation of guides to farmers.—In western Kansas, analyses 
show that in a wheat-surplus situation it would be more profitable 
on many farms, especially the smaller ones, to use excess wheat acres 
for producing wheat to be fed on the farm rather than to put a limited 
acreage in grass. Even though grass and grazing enterprises involve 
larger investments, they are feasible alternatives for excess wheat 
acreage on larger farms that have access to stock water. The study 
provides farmers with a guide as to the relative investments and re- 
turns that may be expected with different kinds of grazing enterprises. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of management methods and costs of establishing and main- 
taining pastures in additional locations —Farmers in many areas of 
the South are searching for enterprises to supplement or even displace 
cotton, peanuts, and tobacco. Pasture crops and livestock are promis- 
ing, but their adaptability varies with different soils, topography, and 
other factors. The economic feasibility of increasing pasture calls for 
study, therefore, in several representative areas. Similar studies are 
needed in various areas in the West, in the North Central States, and 
in the Northeast. 

To determine profitable rates of substitution between grain and 
forage in livestock rations.—Fundamental research on the economic 
rates of substitution between grain and forage and between pasture 
and dry roughage and concentrates for different classes of livestock 
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and different systems of management of dairy and beef cattle would 
areca greatly to analysis of economic feasibility of grassland 
arming. 

Study is needed of economic alternative uses of cropland in the 
Pacific Northwest, including the economic feasibility of producing 
wheat for feed and the place of more forage and livestock in North- 
west wheat areas. 

Study of costs of reseeding range land and maintaining the grass 
stands in different western range livestock areas and their economic 
feasibility should be made toward increasing production of beef and 
conserving the soil. 


AVAILABILITY OF THE NUTRIENTS IN ForaGEe 


(BDI-BAI—RM: a-7—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to: (1) Develop information which may 
be expected to lead to a greater use of forage in feeding dairy animals, 
and therefore to more economy on the dairy farm; (2) develop precise 
methods of evaluating the nutritive value of forage crops; (8) deter- 
mine the effect of various factors on the digestibility of nutrients in 
forages; (4) determine the nutritive deficiencies of forage for milk 
production; (5) study the role of rumen microflora of cattle and 
sheep in the utilization of the nutrients in forage crops; and (6) dis- 
cover the causes of destruction of certain nutrients in the digestive 
tract. Current work is mainly concerned with the development of 
improved techniques for conducting digestion studies and for evalua- 
tion of the nutritive properties of roughages. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-7-1—Development of digestion trial techniques. To de- 
velop methods of conducting digestion trials that will avoid the large 
amount of labor, time, and expense connected with the standard total 
collection method. To study the types of micro-organisms associated 
with digestion in the normal and abnormal dairy cow, and to deter- 
mine the conditions which are most favorable to the micro-organisms 
essential to the health and vigor of cattle and sheep and to the efficient 
utilization of forages. 

RM: a-7-2—F actors that affect the availability of nutrients in feeds 
and their influence upon blood composition and milk secretion. To 
conduct feeding tests with cows in which the efficiency of utilization 
of different nutrients will be determined and correlated with detailed 
chemical analyses, and to study the relationship between digestion in 
the rumen, and blood composition and milk secretion. 

RM: a-7-3—Measuring the nutritional values of pastures. Graz- 
ing tests, digestion trials, and chemical analyses will be carried out 
according to improved techniques for evaluating nutritive values of 
pastures, and after the best available technique is found, comparisons 
will be made of pasture mixtures given different fertilizer treatments. 

RM: a-7-4A—Dehydrated and pelleted alfalfa as a feed for milk pro- 
duction. To conduct feeding trials comparing field-cured hay, de- 
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hydrated hay, and pelleted hay grown on the same field as a source of 
feed for milking cows. Little or no data are available in this coun- 
try regarding the use of pelleted forage as a feed for milking cows. 

RM: a-7-5—Dehydrated alfalfa as a forage for dairy cattle during 
the reproductive cycle. To determine whether dehydrated alfalfa 
will or will not support the reproductive cycle in cattle. There is 
some evidence in literature that dehydrated alfalfa will not support 
reproduction. 

M: a-7-6—Artificially dehydrated pelleted hay as a roughage 
and a source of carotene for dairy calves. To determine whether de- 
hydrated and pelleted alfalfa hay will serve as an economical source 
of forage and carotene for calves from birth to 100 days of age. 

RM: a—7-7—The effect of the type and amount of forage in the 
ration of cattle and sheep on the synthesis or manufacture of nutri- 
ents in the alimentary tract. To determine the conditions which influ- 
ence the synthesis of vitamins, particularly by micro-organisms grow- 
ing in the rumen and other parts of the alimentary tract of cattle and 
sheep, with reference to the meeting of the nutritional needs of the 
animal for these vitamin factors. 

RM: a-7-8—Studies on the utilization of carotene by sheep and 
other farm animals as related to preservation of carotene in hay and 
other forages. To determine the effects of individual feedstuffs or 
combination of feedstuffs and materials added to prevent losses of 
carotene on the efficiency of utilization of carotene by animals. Also 
included are measurements of relative values of carotene at different 
stages of destruction. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Work was initiated in the Bureau of Dairy Industry in October 
1947. The Bureau of Animal Industry became active in this field in 
July 1949. The first concern was the planning of experiments and 
the development of more accurate methods for evaluating the nu- 
trients of forages. | 

























D. FUNDS-—-ANNUAL EXPENDITURES 


% The annual expenditure by BDI was $25,000 in 1948; $26,000 in 
© 1949; and $52,000 in 1950. The annual expenditure by BAI in 1950 
5 was $16,340. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Use of inert chemicals in digestion trials —Inert chemicals, such as 
chromium oxide, lignin, and barium sulphate have been applied suc- 
cessfully to the study of animal digestion. Digestive values obtained 
| — by the use of inert chemical substances in digestion trials have no 
significant difference from those obtained by the standard total col- 
lection procedure when errors due to sampling have been restricted. 


» This means a considerable saving in labor necessary to conduct diges- 
a tion trials. 
a Rumen bacteriology—Two types of micro-organisms have been 


found to be present in considerable quantity in the paunch of the 
dairy cow. 
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Factors present in hay.—Evidence has been obtained to indicate 
that the so-called deficiency of an all-forage ration can be explained 
on the basis of a net-energy change. 1 

Use of pelleted alfalfa as a forage for dairy calves.—Information 
obtained in cooperation with the University of Connecticut has shown 
that Holstein calves made better growth on dehydrated pelleted al- 
falfa than on field-cured hay made from the same field. The calves 
also had a much greater body storage of vitamin A. Therefore, there 
may be some advantage to feeding pelleted dehydrated alfalfa to 
Holstein calves from birth to 4 months of age, especially in areas 
where the home-grown hay is of poor quality. 

Phosphatase test developed for detecting contamination of dehy- 
drated hay products with field-cured hay.—In the dehydration indus- 
try, some operators add field-cured alfalfa hay to dehydrated alfalfa 
hay but label the product “dehydrated alfalfa.” Such a practice is 
usually frowned on by most operators, but no method of detection of 
such a practice has been available heretofore. The test developed 
will detect such contamination even though only a small quantity of 
field-cured alfalfa has been added to the dehydrated product. 


F. SOME ADDITIONAL WORK NEEDED 


Methods of evaluation of forages.—Research work of a fundamen- 
tal nature is needed to obtain more accurate and basic informa- 
tion on how to produce more nutritious feeds from forages, how to 
evaluate these feeds properly, and how these feeds should be fed and 
supplemented to attain the most efficient production of milk. The 
current chemical methods are inadequate for evaluating forages, and 
new or improved analytical methods are needed. There has been very 
little improvement in methods of analyzing forages chemically for 
the past 85 years. Of late, emphasis has been placed on the cultiva- 
tion of grasses and legumes in the rotation of crops according to 
recommended practices of soil conservation. This emphasis on grass- 
land cultivation demands intelligent use of grasses to replace the 
more expensive grains and concentrates. The dairy cow is the most 
economical converter of roughages into human food (milk and meat), 
but the fundamental processes involved in this transfer are unknown, 
and need clarification in order to aid the dairyman in making the best 
use of forage crops. 

Greater use of pastures and range in production of cattle, sheep, 
and other livestock requires further study in connection with the con- 
servation of the soil and the conversion of crop lands to pastures which 
yield maximum yields of meat and other animal products. 

The use of grass silage in beef cattle, sheep, and other livestock pro- 
duction needs attention to determine how far this silage can go in re- 
ducing the requirements for concentrate feeds and other harvested 
forages during periods when pastures are inadequate or not available. 
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IMPROVEMENT OF Mrxep F reps ror Livestock 


(BAI—RM : a-371—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the effects, on the economy of feed utilization and the 
quality and quantity of the animal products, of incorporating amino 
acids, various hormones, enzymes, and other newly proposed products 
in mixed feeds of poultry, swine, and other livestock. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : a-371-1—Improving the efficiency of utilization of mixed feeds 
for som and swine by determining, in actual feeding tests, the best 
combination of essential amino acids—which make up the proteins— 
for swine and poultry feed, and the benefits of adding individual 
amino acids to diets. 

RM: a-371-2—Improving mixed feeds by addition of hormones and 
other substances that influence growth rates and the efficiency of the 
use of feed by animals. To measure effects of adding hormones, drugs, 
and other substances in very small amounts to mixed feed; to analyze 
these effects in terms of efficiency of feed utilization and fundamental 
body processes involved: 'To measure the relationships between added 
hormones and other substances and thyroid gland secretions, environ- 
mental temperature, and growth of farm animals; and to study the 
rates and completeness of elimination, by animals, of certain hormones 
that may affect the use of animal products as food. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The practical implications and possibilities of adding amino acids, 
hormones, and similar compounds—some of them classed as drugs—to 
diets of farm animals have developed in recent years. When the 
amino acid, methionine, became available commercially at a reason- 
able price, suggestions were made that it could be added profitably to 
mixed feeds for poultry and swine. Adding traces of certain hor- 
mones, such as thyroxine and thiouracil, to the feed mixture have been 
shown to increase growth and fattening rates and milk and egg pro- 
duction in livestock. Recognizing the need for further experiments 
to establish the fundamental facts as well as to determine methods of 
use, RMA advisory committees recommended that such experiments 
be made. Studies on amino acids were proposed in 1947 and on hor- 
mones and related substances in 1948. In July 1948 studies on amino 
acids were undertaken and followed, a year later, by work on hormones 
and related substances, 





704 AGRICULTURAL RESEARCH AND RELATED SERVICES 


D. FUNDS—-ANNUAL EXPENDITURES 


This work was initiated in the fiscal year 1949. Expenditures for 
this research for 1949 were $19,800 and for 1950 $40,600. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Amino acid requirements of swine.—Within recent months the 
Bureau of Animal Industry found that growing pigs weighing less 
than 100 pounds require, in the protein of the diet, 1 to 1.2 percent of 
tryptophane, more than 4 percent of lysine, approximately 3.5 percent 
of isoleucine, and 1.6 percent of methionine. 

Development of practical, all-vegetable poultry feeds for growing 
chickens has now been brought to a point where feed manufacturers 
and commercial poultry raisers can use these comparatively economical 
diets. This has been rendered possible by determining the need for 
supplementation with commercially available sources of the amino 
acid methionine and certain vitamins. 


F. SOME ADDITIONAL WORK NEEDED 


Development of economical feed mixtures for farm animals for 
different life periods.—A beginning has been made in determining the 
essential amino acids required by growing swine. This work should 
be extended to include all essential amino acids. Also since require- 
ments during maintenance, gestation, and lactation of the animals 
would undoubtedly differ from those for growth, work along these 
lines is of considerable importance. 

Determination of the amino acid requirements of growing chickens 


and of laying hens—Requirements of growing chickens for many of 
the amino acids need to be checked against contents of feed mixtures. 
No information is available on the needs of laying hens for these 
nutrients. Consequently, research to fill these gaps would be of prac- 
tical value to poultry raisers. 


Pe.xuerep Freps 1x Livestock Freepine 
(BAI—RM: a-508—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the advantages or disadvantages of pelleting feed for 
livestock. The current work undertakes the evaluation of the effects 
of pelleted feeds for livestock from the standpoint of production 
values, feed utilization, palatability, and over-all nutritional per- 
formance. Research is under way to provide information on mechan- 
ical processing conditions necessary for pelleting all types of feed- 
stuffs. Special attention is being given to the effects of fiber content, 
dustiness, and presence of unpalatable materials on the value of pel- 
leted and nonpelleted feeds. In addition, studies are being conducted 
to determine the loss of easily destroyed nutrients, such as carotene 
and riboflavin, during the pelleting operation, and also to compare 
the stability of these nutrients in the pelleted and nonpelleted material. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-508-1—The relative advantages of utilizing feed, both con- 
centrates and forages, in pelleted and nonpelleted form for different 
classes of livestock, including poultry. The pelleted feeds are fed 
to beef cattle, swine, sheep, and poultry and the results are compared 
with conventional methods of feed preparation. Results are evaluated 
on the basis of feed consumption, rate of gain in weight, egg produc- 
tion, feed digestibility, and efficiency of use. 
























C. HISTORY AND EVOLUTION OF THIS WORK 
Pelleted protein supplements and pelleted mixtures of protein sup- 
plements and grains are used in considerable quantities in the feeding 
of beef cattle and sheep, especially on the range. Likewise, pellete 
mashes are used for poultry. In addition, much interest has devel- 
oped in the pelleting of alfalfa and other forages partly as a means 
of reducing transportation and storage costs through reduction in bulk 
and partly for convenience and possible enhancement of feeding value. 
Because of lack of reliable data on the use of pellets in the feeding of 
livestock, the livestock and other RMA advisory committees recom- 
mended that more information be obtained. The Department also 
concurred in the need for studies, and work was initiated in July 1949. 
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D. FUNDS—ANNUAL EXPENDITURES 











This research was initiated in the fiscal year 1950. Expenditures 
for 1950 were $15,200. . 


AUR ae ttn ee Da 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





It is too early to cite any outstanding accomplishments. To date, 
most of the work has been centered around installation of pelleting 
equipment and the perfecting of operating conditions. Available 
information on the subject of pelleting has been completely reviewed 
and summarized. 





F, SOME ADDITIONAL WORK NEEDED 





















Not enough information is available at the present time to give a 
complete analysis of the problems connected with the production and 
feeding of pelleted feeds. As the preliminary work progresses, no 
doubt additional research will be needed to clarify new problems aris- 
ing from these exploratory investigations. 
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UrmizaTIOoN INVESTIGATIONS ON ALFALFA? 
(BAIC—RRL 8-4—Federal-State—Regular Funds) 
(Cooperation with private organizations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the value and use of alfalfa as a feed material and to 
lower processing and storage costs. Immediate work objectives are to: 
(1) Develop improved methods of processing and storing alfalfa; 
(2) isolate and identify biologically active materials in alfalfa; and 
(3) provide fundamental information on these constituents in order 
to develop methods to eliminate growth inhibitors, to preserve useful 
factors, and to evaluate their possibilities in feeds, pharmaceuticals, 
and foods. 

The annual production of alfalfa is nearly 35,000,000 tons valued at 
$700,000,000, but an estimated $150,000,000 is lost to the value of this 
crop before it reaches the feeder. Part of this loss results from me- 
chanical handling (removal of leaves from stems) ; part from action 
of air and naturally occurring enzymes on the nutrients; and part 
from leaching by rain and dew during harvesting. Bulkiness of hay 
and dustiness of alfalfa meal add to the difficulties of handling and 
thus increase the cost of the product. Overcoming these conditions will 
greatly benefit the industry. Biologically active materials contained in 
alfalfa are important in determining the value and extent of its use. 
The suspected presence of a chick growth inhibitor is depressing the 
sale of alfalfa meal to poultry feeders. Chemical studies may explain 
this problem and show ways to avoid these growth-inhibiting effects. 
On the other hand, alfalfa is believed to contain factors which increase 
the hatchability of eggs; cause sows to farrow more pigs per litter, 
and stimulate growth of farm animals. Confirmation of the presence 
of any of these nutrients will increase the use of alfalfa and improve 
its competitive position in the feed market. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-3-(4)-B-4—Chemistry of alfalfa processing 

RRL-3-(4)—B-4-1—Isolation and identification of animal growth 
regulating factors in alfalfa. To characterize factors indicated to 
be present in alfalfa which regulate or influence animal growth, in 
order to produce nutritionally improved alfalfa products by min- 
imizing the loss of these constituents during dehydration or field- 
curing of alfalfa, and thus to place alfalfa in a better competitive posi- 
tion in the feed market. 

RRL-3-(4)-B-4-2—Separation and evaluation of chemical con- 
stituents from alfalfa. To develop economical means for separating 


and utilizing the numerous potentially valuable chemical constituents 
of alfalfa. 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under item B of this report, currently 
active line projects are grouped under their parent research projects of other bureaus 
of the Department. Likewise, under items D and E, research projects are used as the 
basis for reporting expenditures in 1950, and outstanding accomplishments. 
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Research project RRL-3-(4)-ED-8—Engineering and economic 
phases of the development of high grade alfalfa feeds 

RRL-3-— (4) -ED-8-1—Analysis of the production and use of alfalfa 
meal. To ascertain methods, equipment, and uses involved in the 
production of alfalfa meal off the farm; to determine the relative 
position of various commercial processes for the production of alfalfa 
meal; to evaluate from data so obtained the results of research on 
alfalfa concentrates and retention of carotene and to discover the 
fields in which additional research on alfalfa dehydration is needed 


in order to promote a technically and economically sound commercial 
development. 


Research project RRL-3-(4)-—PA-4—Chemical analysis of alfalfa 
and products derived therefrom (Service Project) 
RRL-3-(4)—PA-4-2—To analyze samples of alfalfa and products 
derived therefrom, and prepare standards and indicator solutions. 
To make analyses for protein, oil, fiber, ash, moisture, sugar, and 
other constituents as required in utilization researches. 
Research project RRL-3-(4)-PA-6—Physical chemical investigations 
of carotene 
RRL-3-(4)-PA-6-1—Chromatographic and _ spectrophotometric 
analysis of carotene in alfalfa. To increase the reliability and avail- 
ability of information concerning the feed value of alfalfa by de- 
veloping rapid analytical methods for determining the amounts of 
nutritionally different forms of carotene present. 
RRL-3-—(4)—PA-6—The mechanism of the air oxidation of caro- 
tene and its inhibition by antioxidants. To gain an understanding of 
the nature of the reactions involved when carotene is destroyed and 
when its destruction is retarded by addition of antioxidants; to use 
this knowledge in devising improved methods for preservation of 
this essential constituent in alfalfa. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on alfalfa utilization was begun in the Bureau in 1941. 
Initial work was concerned with the isolation of a purified alfalfa 
protein which could be used for industrial purposes and with methods 
of storage for alfalfa meal which would preserve the carotene con- 
tent. The preservation of beta-carotene in oil, a provitamin-A prod- 
uct which was shipped abroad in considerable velanne during World 
War II, and the possible use of alfalfa pigments as camouflage ma- 
terials were investigated. Later emphasis was shifted to the study of 
the fractionation of fresh alfalfa to recover a product low in fiber and 
high in carotene and protein which might find use as a feed concen- 
trate. The main emphasis of present work is on improvement of 


processing methods and the isolation and indentification of valuable 
nutrients. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures on this project have averaged approximately $40,000 
anually for the 9-year period 1941-49. For the fiscal year 1950 the 
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expenditures were approximately $50,000, divided among research 


projects as follows: B—4, $30,000; ED-8, $10, 000; PAM, $6, 000; and 
PA-—6, $4,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-3-(4)-B-4 

Improved method for determination of carotene—The feed in- 
dustry buys dehydrated alfalfa primarily for the vitamin A value of 
its beta-carotene. Beta-carotene may exist in several forms, called 
stereoisomers, which differ markedly in their vitamin A activity. No 
previous analytical method adequately measured the vitamin A 
potency of alfalfa. A chromatographic procedure was developed to 
measure the relative amounts of the three most abundant forms of 
carotene. It is now possible to obtain more accurate information on 
the nutritional values of foods and feeds containing this vitamin. A 
whole new field of study is opened by this method. Changes in caro- 
tene content can be followed during curing, processing, and stor age 
and a more scientific approach can De made to the study of carotene 
preservation. 

Reduction of dust in alfalfa meal—Alfalfa meal is so dusty that 
mill operators and truckers frequently demand extra pay to work 
with it. A considerable loss of product, as dust, occurs during trans- 
portation. Addition of 0.5 to 1.0 percent of vegetable oil markedly 
reduces the dust nuisance and weight loss, and gives a greener color 
to the meal. The number of alfalfa processors using this disc overy 
is rapidly increasing, because the financial gain is about $2 per ton at 
current prices. 

Controlled irradiation inereases vitamin A potency of alfalfa 
meal.—Dehydration causes a portion of the beta-carotene to be con- 
verted to related compounds having a lowered biological value. It was 
found that light from a tungsten lamp would reverse this change and 
cause an increase in the beta-carotene present. The immediate im- 
portance is to improve analytical methods for determining carotene 
contents of feedstuffs. Commercial application will depend upon the 
development of economical means for irradiation of meal. 

Concentrated feed supplement from alfalfa.—Fresh alfalfa has been 
separated by pressing into two fractions—a fiberless juice portion 
rich in proteins and vitamins, and a high-fiber portion which may be 
used for stock feeding. Drying the juice produces a vitamin-protein 
concentrate which may be used in chick feeds where high fiber con- 
tent is objectionable. Economies in transportation costs are possible 
by shipment of the concentrate rather than whole meal. Further- 
more, development and evaluation of this method to concentrate 
growth factors and pigments is a necessary preliminary to studying 
their utilization in pharmaceuticals or foods. 

Storage stability of alfalfa-fed turkeys—It has been suspected in 
the trade that feeding alfalfa to turkeys may decrease stability of 
the fat in birds kept in refrigerated storage. An investigation of tur- 
keys fed on mash containing 15 to 50 percent showed no detectable 
increase in off-flavors of the stored meat. This finding should im- 
prove the market for alfalfa in this field. 
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Research project RRL-3-(4)-ED-8 


Retention of carotene in alfalfa stored in atmosphere of low oxy- 
gen content.—Storage of alfalfa meal in closed containers under at- 
mospheres of low-oxygen content preserves the carotene. Consump- 
tion of residual oxygen by constituents of alfalfa other than carotene 
leaves an essentially inert atmosphere in which the carotene is stable. 
This important discovery is now applied commercially. One mid- 
western company stores $300,000 worth of alfalfa meal per year in a 
low-oxygen atmosphere to preserve the carotene. 

Cost analysis of dehydrating alfalfa.—tInvestigation of methods, 
equipment, and costs involved in the production of dehydrated alfalfa 
meal have developed information of considerable value to growers and 
prospective processors of alfalfa meal. 

Research project RRL-3-(4)-PA-4 

This is largely a service project, most of the work having con- 
tributed to other accomplishments on alfalfa listed in this report. 
However, in addition to the service work, an important accomplish- 
ment under this project is as follows: 

Fundamental work on carotene.—-Carotene occurs in several forms 
in alfalfa, each of which has a different biological value. It was 
necessary to develop new techniques so that these different forms 
of carotene could be separated, crystallized, and their properties 
determined. Knowledge of the differences in their properties was 
essential before the accurate method of analysis described under 
RRL-3-(4)-B-4 could be developed. 

Research project RRL-3-(4)-PA4 

A rapid test for the effectiveness of carotene antiowidants.—In 
the past it required a year to observe the effectiveness of antioxidants 
for the preservation of carotene. A new method has been developed 
that will give accurate results in less than a week. This method is 
now being employed to select effective antioxidants for carotene 
prior to testing them in the field. 

Best moisture content for storage of alfalfa meal_—The rate at 
which carotene is destroyed during storage of alfalfa mea! depends 
upon the moisture content, storage temperature, and accessibility of 
air. An investigation of these factors showed that under normal 
storage conditions carotene was preserved best in alfalfa meal con- 
taining about 8 percent moisture. If air was excluded, better preser- 
vation of carotene resulted at all moisture contents, but loss of color 
was greater above the 8-percent moisture level. These conclusions 
are of importance because they provide an easily applied practical 
guide for the most effective storage of alfalfa which must frequently 
be held for a period of months before use. 


F, SOME ADDITIONAL WORK NEEDED 


The amount of alfalfa meal that can be incorporated into feeds for 
chicks is definitely limited by the possible presence of a chick-growth 
inhibitor. Since this market is one of the most important to the al- 
falfa industry fundamental work on identification and characteriza- 
tion of the inhibitor should proceed rapidly. With such basic know]l- 
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edge available it would then be possible to attack, in a logical way, 
the practical problem of avoiding these undesirable growth-inhibiting 
effects by removal or inactivation of the causative factor. 

Alfalfa is believed to contain several important growth factors 
which increase the hatchability of , enable sows to produce more 

igs, and promote the wth of livestock. Isolation and identi- 

cation of these vitamin-like substances are urgently needed as know]l- 
edge concerning them would enable better nutrition of farm animals 
“a increase the use and market value of alfalfa. 

New, rapid methods of analysis of biologically actiwe materials in 
alfalfa must be developed. One of the deterrents to progress in this 
field is the lack of any method that can test the presence of active 
factors without conducting animal feeding tests which require several 
months’ time for each determination. 

Economical methods of separating carotene from alfalfa should be 
developed. There is a large market for this substance in margarines 
and other foods. 

Larger scale studies of chlorophyll separation from alfalfa should 
be undertaken, because alfalfa is an excellent source of this material. 
Chlorophyll is in demand in deodorizers and medicinals. 

The unidentified antioxidant present in alfalfa should be isolated 
and chacterized. The mechanism by which antioxidants function in 
the plant should be determined to provide a logical means of increasing 
their effectiveness and to eliminate the necessity of adding other 
carotene preservatives. 

Reduction of dust of alfalfa meal by substances other than vegetable 
oil should be undertaken to reduce the cost of the process. Phos- 
phatides from soybeans, vegetable gums, and waxes should be com- 
pared in effectiveness with the oils now used. 

Practical methods of irradiating alfalfa meal to increase its vitamin 
A potency should be developed. 

Chemical methods of treating alfalfa to help retain leaves and pre- 
vent degradation of valuable nutrients should receive attention. a 
cess in this project will improve alfalfa as a feed on the farm and con- 
siderably decrease the loss now suffered between cutting and feeding 
time. 

Engineering studies on more economical methods of producing 
high grade dehydrated alfalfa meal are needed. 


PRESERVATION OF CAROTENE AND OTHER NUTRIENTS IN FEEDSTUFFS 
AND CEREAL Propucts 


(BAIC—RM: a-336—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the nutritional value of alfalfa and other forage crops 
by developing ways of stabilizing and preventing deterioration and 
loss during processing and storage of specific valuable nutrients such 
as carotenoids (vitamin A values), lipids, and proteins. Current 
work is directed toward the preservation of carotene in alfalfa. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM : a-336-1—The stabilization of carotene in alfalfa. To inves- 
tigate the preservation of carotene in alfalfa products through the 
addition of chemicals that will prevent or reduce deterioration of this 
source of vitamin A. 

RM: a-336-2 (C)—Preprocessing of alfalfa prior to dehydration to 
reduce cost while preserving carotene and other nutrient values. To 
determine the feasibility of lowering the cost of producing a high- 
grade dehydrated alfalfa by subjecting harvested alfalfa to pretreat- 
ments designed to preserve the nutrient content during setaainary 
partial natural drying. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the chemistry and utilization on alfalfa has been in prog- 
ress in this Bureau since 1941 under regular funds. In recent years, 
manufacturers of mixed feeds have become increasingly conscious of 
the importance of maintaining adequate concentrations of all vitamins 
and other food factors in mixed feeds until they are consumed by the 
animal. Since alfalfa is the primary source of carotene (precusor of 
vitamin A) in such feeds, and the preservation of carotene during proc- 
essing and storage of alfalfa is a most important problem to both 
alfalfa growers and the mixed-feed industry, supplementary work on 
the preservation of carotene and other nutrients in feedstuffs was 
started with RMA funds in 1949. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The approximate expenditures were $18,000 for the fiscal year 1950 
and $8,000 for 1949, the first year for this project. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Two preservative chemicals have been found which are relatively 
cheap and preserve carotene as well as, or better than, any other of 
the scores of compounds tried to date. The toxicities of these two 
are being determined and a study of the applications of these and other 
preservatives under practical conditions is in progress. 


F. SOME ADDITIONAL WORK NEEDED 


Methods for processing alfalfa to preserve its nutrients at costs ap- 
preciably less than those now required for artificial dehydration 
should be thoroughly explored. About 98 percent of the alfalfa grown 
is field-cured, and the estimated losses of nutrients by this method of 
handling amount to several hundred millions of dollars annually. 
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BIocHEMISTRY AND BaAcrerioLoGy or SILAGE MAKING 


ni 


(BDI—RM: a-502—Federal—RMA Funds) 


Fd et Mae 











A. PURPOSE AND NATURE 





OF CURRENT WORK 


ERE 








To obtain fundamental information on the chemistry and bacteri- 
ology of silage fermentations and the effect of various factors on the 
efficiency of silage preservation in order to develop more eflicient 
practical methods for preserving grassland forage as silage. Current 
work is concerned with studies of the character and amount of carbo- 
hydrate components in forage crops; the environmental factors which 
influence the content of these materials; and the relation of the carbo- 
hydrates in forage to the type of fermentation and character of the 
resulting silage. 
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B. CURRENTLY ACTIVE LINE PROJECTS 









RM: a-502-1—A biochemical study of the carbohydrate constitu- 
ents of grassland crops as affected by stage of growth and environ- 
mental factors. To study the nature and : amounts of chemical changes 
in carbohydrate constituents of grassland crops before and after en- 
siling to obtain information leading to improved ensiling methods. 





C. HISTORY AND EVOLUTION OF THIS WORK 





CE TMS MAT IS PAE ERE IIR LN LENIN ak RN EE EG eee 


The harvesting of forage crops such as silage has developed during 
the past 10 to 12 2 years, since it has been shown to be the most efficient 
way to preserve forages in humid areas. Under practical conditions, 
the type and quality of silage may vary considerably depending on 
maturity of crop, type of crop, use of preservatives, and other factors. 
The losses resulting from different methods are also variable and of 
economic importance. The losses are dependent on the biochemical and 
bacteriological changes which take place in the silo. Little funda- 
mental information is available on the changes in the silo which might 
affect the magnitude of the losses. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Fe eT ae 


The expenditure of funds in the fiscal year 1950 was $15,000. 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
Project has not been in operation for a sufficient period to have made 
outstanding accomplishments. 


F. SOME ADDITIONAL WORK NEEDED 


Other legume and grass crops. The work to be conducted under 
this project will be confined, at least for some time, to alfalfa. There 
is need for similar information on other legumes and grass crops. 

Use of chemicals in preserving silage.—Chemic: als organic in na- 
ture have been developed for the prevention of deterioration of agri- 
cultural products such as cottonseed. Some of these chemicals should 
be studied for their effectiveness in preserving the nutrients of silages. 
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CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to subjects re- 
ported on in this chapter, see also: 


BAI—b~-1-+4, Chapter 1, swine feeding. 

BAI—b-2-5, Chapter 4, feeding goats. 

BAI—b-3-6, Chapter 1, horse and mule nutrition. 

BAI—b-4-2, Chapter 1, beef cattle feeding. 

BAI—b-5-2, Chapter 1, dual-purpose cattle feeding. 

BAI—b-6-2, Chapter 3, poultry feeding: alfalfa meal in poultry diets. 

BAI—b-6-+4, Chapter 3, effect of various feedstuffs on poultry and eggs. 

BAI—b-8-3, Chapter 4, fur-animal feeding. 

BAI—c-—4-1, Chapter 31, stock poisoning by plants. 

BAI—c-4-3, Chapter 1, relation of diet to necrotic enteritis in young pigs. 

BAI—RM: o2, Chapter 1, grass tetany. 

BAI—BPISAE—RM.: b-537, Chapter 1, forage in relation to X-disease of cattle. 

BAIC—BAI—BDI—BHNHE—RM: a-103, Chapter 10, cottonseed meal for feed. 

BAIC—RM: a-556, Chapter 11, fats and oils. 

BDI—a-2-6, Chapter 2, dairy cattle feeeding problems. 

BDI—a-3-1, Chapter 2, effect of rations on unidentified nutrients in milk. 

BDI—a-3-2, Chapter 2, carotene in feeds and forages. 

BDI—a-3-4, Chapter 2, feed nutrients for dairy calves. 

BDI—a-3-5, Chapter 2, feeds for dairy cattle. 

BDI—RM: a-348, Chapter 2, effect of hay quality on dairy cattle reproduction 
and on nutritive quality of butter. 

BDI—RM: a-559, Chapter 2, rations to increase vitamin By in milk. 


C. MARKETING 


Price, Surpty, AND Consumption ANALYsIs ror Farm Propvucrs 
( FEEDs ) 


(BAE—A-2-7—Federal-Regular Funds; BAE—RM-c-33—Federal-State— 
RMA Funds) 


(The discussion of line projects and expenditures on project RM: c—33 in 
this and other commodity chapters covers only work done by BAEK. A general 
summary statement for this project, in Chapter 27, Prices and Income, sum- 
marizes not only the research and expenditures of BAE but also shows expendi- 
tures of OES and lists OES line projects carried out through State and Terri- 
torial experiment stations.) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Appraise the current and prospective economic position of 
feed grains, byproduct feeds and hay, and (2) make the results 
available to farmers, Government agencies, and the general public 
through regular publications and on special request. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-6—Analysis of current situation and outlook for feed. To: 
(1) Appraise the current and prospective economic position of feed 
grains, byproduct feeds and hay; (2) carry on the statistical and 
analytical work necessary thereto; and (3) make the results available 
through regular publications and on special request. The Feed Situa- 
tion is prepared periodically and issued under this line project. 

RM: c-33.12—F actors affecting prices and demand for feed grains. 
To measure the influence of various factors affecting demand for 


78552—51—vol. 1-46 
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and utilization of corn, oats, barley, and soybean grains. (Simi- 
lar studies are planned for byproduct feeds, hay, and other grains.) 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27, Prices and Income.) The RMA 
line project on feeds follows recommendations of the RMA Feed 
Advisory Committee. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Expenditures from regular funds during the 1950 fiscal year 
amounted to $13,100; expenditures from RMA funds amounted to 
about $11,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Regular funds.—A series of basic studies on the economic aspects 
of the important feed crops was published in Agriculture Yearbooks, 
1921-24. A bulletin What Makes the Price of Oats (1925) was one 
of the first analyses of price-making factors affecting feed grains. 
Feed Statistics, a statistical handbook on feeds has been published 
annually since 1940. In recent years it has been expanded to include 
more detailed information on byproduct feeds and to include statistics 
on wheat, rye, and rice. 

RMA funds—The RMA work on feeds has been primarily in the 
field of analysis of forces influencing price and utilization of corn. 
Studies of the forces influencing corn prices and utilization are prac- 
tically completed and a bulletin is being prepared on the price and 
demand for corn. This bulletin will give special emphasis to meas- 
urements of various forces affecting corn prices; to the influence of 
livestock numbers and prices on the demand for corn; and to the place 
of corn in the feed-livestock economy as a whole. 


F. SOME ADDITIONAL WORK NEEDED 


A study of the influence of price-support programs on utilization 
and prices of feeds in the postwar period would aid greatly in the 
analysis of the feed situation. Additional research is needed on the 
demand, supply, and prices of oats, barley, and protein feeds. It is 
planned to start studies of these feeds following the work on corn 
prices in this fiscal year. Subsequently analyses should be extended 
to cover sorghum grains, wheat, and wheat millfeeds. 


CorrELATION OF UNITep States Grapes or Hays Wir 
Nutritive VALUES 
(BDI—PMA—BAI—RM: c-273—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The primary purposes are: (1) To develop improvements in grade 
standards that will more closely indicate feeding value in hay and to 
determine the factors that affect the quality of hay as indicated by 
grade; (2) to determine the relationship between United States grades 
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of hay and their feeding value for various classes of livestock ; and (3) 
to determine the nutritive value by feeding experiments and chemical 
tests of numerous graded lots of hay with varying characteristics such 
as color, leafiness, stem texture, and foreign material produced in 
different areas. The current work includes studies of correlating the 
feeding values of alfalfa hay for growth and for milk production 
with the grade of hay as indicated by United States hay grade stand- 
ards. Studies are also made to correlate the United States grade of 
lespedeza hay, a typical hay of the South, with the feeding value for 
milk production. 


B. CURRENTLY 





ACTIVE LINE PROJECTS 








RM: c-273-1—Comparative value for growth in dairy heifers of 
U.S. No. 1, U. S. No. 2 and U. S. No. 3 alfalfa hay. To measure the 
value of different grades of alfalfa hay for growth in dairy heifers, 
when the difference in grade is due to leaf content. 

RM: c-273-2—Comparative value for milk production of U.S. No. 
i, U.S. No.2 and U.S. No.3 alfalfa. To measure the value of differ- 
ent grades of alfalfa hay for milk production, when differences in 
grade are due to leaf content. 

RM: c-273-3—Comparative value for milk production of U. S. No. 
2 and U. S. sample grade of lespedeza hays. To measure the value 
of different grades of lespedeza hay for milk production. 


Cc. 





HISTORY AND EVOLUTION OF THIS WORK 


Standards for hay have been developed and are used by the United 
States Department of Agriculture in the hay-inspection service, in 
which quality of the hay is appraised on the basis of certain character- 
istics thich can be determined by the physical appearance of the hay. 
There is need to develop information on whether the present standards 
properly reflect feeding value. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures on this project were about $5,000 in 1948, 
$23,000 in 1949 (BDI, $16,000 and PMA, $7,000), and $23,000 in 1950 
‘ BDI, $16,000 and PMA, $7,000). 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Feeding value of grades of lespedeza hay—When U. S. No. 3 and 
U.S. sample grade of lespedeza hay was fed to milking cows, it was 
shown that 116 pounds of sample grade of hay was required to equal 
100 pounds of No. 3 hay so far as milk production was concerned. 
This difference was due entirely to the larger amount of unpalatable 
foreign material in the sample grade of hay. Therefore, if No. 3 hay 
is worth $30 per ton, the sample grade of hay would be worth only $25 
per ton. Therefore, the market price value of the hay should be 
reduced by the proportionate quantity of foreign material. 

The project has not been in progress for a sufficient period of time 
to obtain significant data. 
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F, SOME ADDITIONAL WORK NEEDED 


Research at experiment stations—In order to cover more condi- 
tions of production of different kinds of hay, the project should be 
extended to include State experiment stations. Such mixtures as 
clover and timothy should be studied. 

Feeding value of sample grade hay, especially of hay which is 
moldy.—With the increasing use of the field baler, an increasing 
amount of moldy hay is produced. While such hay is graded down, 
it is not known to what extent the presence of mold impairs feeding 
value compared to similar hay containing no mold. 

Development of physical methods for judging hay quality—The 
quality of hay at the present time is judged quite largely by personal 
evaluation as indicated by the physical appearance of the hay. Meth- 
ods should be developed using physical methods for determining such 
characteristics as moisture content, breaking strength of stems, yel- 
low color of hay, etc. 


Costs or MANUFACTURING AND Disrrisutine Mrxep Freps at 
WHOLESALE AND Reta LEvELs 


(FCA—RM: c-172—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The present work consists of studying on a case basis the operations 
of cooperative feed mills and distributing associations. Operating 
statements are selected and adjusted so as to facilitate comparison. 
They are set up so that mill managers can compare in detail their 
operations and costs with those of others. This also facilitates com- 
parisons between different kinds and sizes of mills; such as the rela- 
tive efficiency of local and centralized mills. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-172-1.—Costs of manufacturing and distributing mixed 
feeds at wholesale and retail levels. To determine the most effective 
means of increasing efficiency, reducing costs and margins, and im- 
proving the products and services for feeds, as a means of increasing 
income to producers, reducing costs to consumers, and expanding 
market outlets. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although some preliminary work had been done on this and closely 
related problems this project essentially marks the beginning of 
concerted study of the cost factors in manufacturing and distribut- 
ing feeds by cooperatives. The first phase of the work consisted in 
gathering and publishing information on complete feed mill opera- 
tions. Following this will be more detailed studies of individual mill 
operations and practices. 


D. FUNDS—-ANNUAL EXPENDITURES 


Actual costs of this project in fiscal 1949 were $8,675. The allot- 
ment for fiscal 1950 was approximately $13,200. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Publication of results —The first bulletin published under this proj- 
ect presents what appears to be the only published information on a 
fair-sized group of feed mills (FCA Bulletin 56). Mill managers, 
both cooperative and noncooperative, have welcomed the information 
and the chance to compare details of their own operations with those 
of other feed mills having similar conditions to meet. It is clearly 
shown that both centralized and local mills are able to operate ef- 
ficiently and that cost of feed to the farmer is not determined entirely 
by mill costs. Centralized milling often entails expensive distribu- 
tion methods which enable smaller mills, nearer to the farmer, to 
proyide him with feeds for his livestock and poultry at less total 
cost. 


F. SOME ADDITIONAL WORK NEEDED 


Costs of pelleting and bulk delivery.—The volume of feeds made 
into pellets is increasing steadily but little information is available 
as to the actual costs of this additional feed-mill operation. Attention 
is now being directed to these costs, and methods of mill organiza- 
tion and operation which tend to reduce them. Bulk delivery of feed 
direct from mill to farm is developing rapidly in certain sections. It 
offers economies under Some but not all conditions. Study will be 
directed to the advantages and disadvantages, successful methods and 
types of equipment, costs and economies, and factors which make 
bulk delivery most useful to farmers. 

Cost of dehydration—Dehydration of certain feed ingredients, such 
as alfalfa, has grown in importance. Costs are high and operations 


should be studied with a view of finding methods for reducing these 
costs. 


CROSS REFERENCES—MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—A-2-16-1 to 24-1, Chapter 26, research and analysis for servicing current 
requests. 

BPISAE—SRF-2-125, Chapter 30, electric drying of grain and alfalfa. 

BPISAE—BAI—OES—PMA—FCA—RM : c-415, Chapter 5, methods, equipment, 
and structures for conditioning of grain, seeds, and feeds. 

CEA—Commodity Exchange Act, Chapter 35. 

FCA—a-1-9, Chapter 36, assistance for purchasing cooperatives. 

PMA—Administration of United States Warehouse Act, Chapter 35. 

PMA—Development of grades and standards on grain, rice, beans, peas, hay, 
straw, etc., Chapter 34. 

PMA—Market inspection of rice, hay, beans, peas, hops, and miscellaneous 
commodities, Chapter 34. 

PMA—United States Grain Standards Act, Chapter 35. 

OES—RM : c-108, Chapter 9, marketing seeds of improved varieties. 

See Chapter 32 for reports on crop and livestock estimates, 

See Chapter 33 for commodity market news service. 












SEEDS 
Chapter 9—Part II 


ForEworRD 


As indicated by the table of contents to this chapter, relatively 
few project statements pertain exclusively to work on the produc- 
tion and marketing of seeds. A considerable number of statements 
in other chapters of the over-all report do include, however, a wide 
range of work of direct concern to the production and marketing 
of seed. Cross references to such work are given at the end of each 
of the production and marketing sections of the chapter. Reference 
to work concerning utilization is found on page 727. 
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A. PRODUCTION 


VEGETABLE SEED CULTURE, Propucrion, DIsEAsEs, aND 
STANDARDIZATION 


(BPISAE—b—4-9—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop a sound technical background or basis for improv- 
ing the methods of producing vegetable seeds, especially those of spe- 
cies that require two growing seasons from planting to harvest; (2) 
determine the nature of several biennial seed- -crop diseases that now 
make the growing of such crops hazardous and domestic supplies of 
such seed irregular and uncertain, and develop methods to avoid or 
control them; and (3) develop methods of improving the vitality and 
keeping quality of seeds and technical information that will aid the 
seed industry to meet and exceed the standards set by the Federal Seed 
Act. Emphasis in current work is on seed production, handling, and 
disease control. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b+4-9-1—Vegetable seed studies with special reference to obtaining 
and retaining high vitality, long life, and good crop-producing power. 
Technical studies under controlled conditions to determine the effects 
of such field factors as growing temperature, mineral nutrition, time 
and stage of development at harvest, and of storage temper rature, 
humidity, and aeration on length of life and planting value of seeds. 

b-4-9-2—Evaluation of new areas adapted to production of vege- 
table seeds, particularly carrot, beet, cabbage, and onion. To find new 
areas not now devoted to these crops to permit expansion and diversi- 
fication, and to reduce risk in growing seeds. 

b+4—9-3—Increasing yield and quality of vegetable seed crops by 
improving methods of handling mother lants and fertilizing, irri- 
gating, and controlling diseases. ‘To develop by field experimentation 
more efficient and profitable ways of growing seeds of the major 
vegetable crops. 

b-4-9-4Seed- -crop disease of biennial vegetables. To eliminate 
or reduce the great hazards and risks caused by fungus and virus dis- 
eases of cabbage and related crops grown for seed in the Pacific 
Northwest. 

b-4-9-5—Nature and control of virus disease in garden beet seed. 
To control the major threat to garden beet-seed growing in the 
Pacific Northwest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The present program of vegetable seed research was developed early 
in World War II because of the serious shortages of seed of species 
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formerly obtained in large part from foreign sources. Extreme 
crowding of production in a few specialized districts, highly localized 
facilities oak know-how, and lack of information on other suitable 
areas were critical problems limiting seed supplies for war food for 
our allies and this country. Most methods employed in the seed 
industry were based on guess or tradition instead of research. The 
new project was set up with funds and personnel from several lines 
of work bearing on seed testing, vegetable variety standards, and cer- 
tain vegetable diseases, and it made immediate contributions of value 
during the war. Work on evaluating new locations has been largely 
cut back in order to deal with currently more pressing problems on 
storage, diseases, and new methods of growing. 


D, FUNDS—-ANNUAL EXPENDITURES 


During the 1940’s, expenditures were about $62,000 per year. In 
1950, $59,720 was expended. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New areas evaluated——A cooperative program concentrated on 
this task during World War II and established the suitability of a 
number of localities that had previously not been recognized. Com- 
mercial production is still on the increase in some of these areas. Cli- 
matic requirements of specific crops are better known, and potential 
areas for such crops have been identified. 

The interrelations of air moisture, seed motsture, temperature, and 
storage life have been worked out for a large number of vegetable 
seeds. Based largely on this work, numerous commercial interests are 
providing controlled storage and seed-conditioning facilities where 
they are needed for the effective protection of seed quality. The 
results are being applied in the improved packing and merchandising 
of vegetable seeds. 

Soil conditions and weather during the growing season have been 
shown to have little or no direct effect on viability or other quality 
characteristics of cleaned seed despite their great affect on seed yields. 
Contamination with certain diseases, insect attack, spoilage resulting 
from bad weather around harvesttime or later, improper processing, 
drying or storage, and excessive age apparently account for poor 
quality. 

Mosaic in cabbage seed crops has been virtually eliminated in the 
Puget Sound district since this work showed the value of isolating 
plant beds for the seed crop. 

A less tangible but real accomplishment has been the incidental con- 
vincing of the seed industry that research of this character is profit- 
able both to the industry and to its customers. 


F. SOME ADDITIONAL WORK NEEDED 


Storage research.—Basic findings on storage requirements of many 
kinds of seeds need to be followed up by warehouse and storage tests 
with large tonnages of seed under commercial conditions. 

Causes of loss of seed quality other than by poor storage conditions 
are undetermined for certain crops that often show low viability and 
short storage life even under supposedly good storage conditions. 
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Quick chemical tests as criteria of planting value of seeds have long 
been sought in order to dispense with time-consuming, expensive, 
germination tests. Such tests, if developed, could greatly reduce cost 
of quality control, thus making closer control feasible by producers, 
warehousemen, and dealers. 

Production studies should be extended to additional crops as rapidly 
as feasible, especially to the biennial crops, which encounter more 
difficulties than do most annual crops. 


INCREASED Seep Propuction or Dry anp Snap Beans, Peas, anD 
Orner VEGETABLES, THROUGH BREEDING FoR Muutipte Resistance 
To Disease AND INsect DAMAGE 


(BPISAR—RM: b-289—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To remove the hazards of insects and diseases to our seed supplies, 
especially of beans and peas, by means of breeding resistant varieties 
of crop plants. Because of their immediate seriousness and the gen- 
erally inadequate defense against them, control of virus diseases of 
dry field varieties and of seed crops of garden varieties of beans is 
the first objective. Resistance now available in any commercial 
varieties is to be worked into additional variety types. Where no 
resistance to a specific virus is known among commercial types of 
common beans, it is being sought in other types or related species 
which will be hybridized with the several commercial forms to develop 
resistant counterparts of the commercial types. 


B, CURRENTLY ACTIVE LINE PROJECTS 


RM: b-289-1—Control of diseases and improvement of dry and 
seed beans through breeding. To develop disease-resistant counter- 
parts of all important field and garden beans, especially resistance to 
those diseases that are most serious in the seed-producing areas of 
both the East and West. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Most of the work on bean-disease control has been on the garden 
varieties and has involved common mosaic and the parasitic diseases 
that occur mainly in humid regions. Little special attention had been 
given to seed beans as such or to dry types of field beans. This 
work was authorized in 1949 to develop bean varieties that will be 
of as good or better quality for specific purposes than those now 
grown and which will be more productive for seed and dry beans, 
capaorally in the presence of several serious virus and parasitic dis- 
eases. Former work afforded some foundation fora start. In antici- 
pation of establishment of this project, many new hybrids were made 
in 1948, incidental to other bean-breeding work, to advance the initial 
efforts here. Breeding and testing headquarters have been established 
cooperatively in Michigan and in Idaho. 





724 AGRICULTURAL RESEARCH AND RELATED SERVICES 


D. FUNDS—ANNUAL EXPENDITURES 
Allotments were $20,000 in 1949 and $24,400 in 1950. 
E. SOME EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


None can be reported on a project of this character in such a short 
time as has elapsed since it was established. It will probably be at 
least 10 years before substantial new varieties from this work can 
be developed, tested, and released. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding for insect resistance is an almost untouched field. Resist- 
ance to aphids, leafhoppers of various kinds, and certain other disease- 
carrying insects—or to the diseases they carry—is needed in many 
crops, since insecticides do not give complete enough control of some 
insects to protect the plants from the diseases they carry. Present 
resources devoted to breeding of various crops permit work on only the 
most critical. Resistance to a virus disease of seed beet, to pod borer 
of cabbage, to lygus bugs, thrips, psyllids, white blight and black 
blight of seed cabbage, and many other troubles would be highly ad- 
yantageous. 


DEVELOPMENT OF IMPROVED CULTURAL AND MANAGEMENT PRACTICES FOR 
THE PropucTIon or Seep or Forace GRASSES AND LEGUMES IN THE 
Nortu CenTRAL AND SOUTHERN REGION 


(BPISAE—RM: b-527—Federal-State—RMA Funds) 
PURPOSE AND NATURE OF CURRENT WORK 


To insure higher and more certain seed yields of grasses and legumes 
in the Southern region. Because of the especially pressing nature of 
the problem in the South, funds now available for this project are 
being expended entirely in that region. Current investigations in- 
clude studies in laboratory and greenhouses of the effects of light in- 
tensity, length of day, temperature, soil moisture, and soil nutrients 
on initiation of flowering structures and production of seed; field 
studies of effects of rate of seeding, row spacing, fertilization, and 
management practices such as mowing and burning on seed yield and 
quality ; ; identification of organisms causing diseases that affect yield 
and quality of seed; and studies of the life histories and other char- 
acteristics of the disease organisms in relation to methods of control. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-527-1—Effects of climatic and soil factors on production of 
grass and legume seed, To determine the effects of light intensity, 
photoperiod, ‘soil, and air temperature, relative humidity, s soil moisture, 
and soil nutrients on the initiation and development of flowering parts, 
fertilization, and seed development. 

RM: b-527-2—Effects of cultural and management practices on 
seed yield mad quality. ‘To determine the effects of rate and method of 
seeding, row spacing, cultivation, time and rate of fertilizer applica- 
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tion, frequency and date of mowing and grazing, burning, and other 
factors on yield and quality of seed. 

RM: b-527-38—Diseases affecting seed production. To determine 
the diseases that affect production and quality of seed and to identify 
the organism causing these diseases and study the life history and 
characteristics so that control measures may be developed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Seed yields of many of the major grass and legume species have been 
low, and complete failures have been common in the South. With 
some species, in fact, maintenance of the seed supply was all that could 
be accomplished, leaving no seed for forage and cover-crop plantings. 
It is now necessary for Southern farmers to look to seed producers of 
the Pacific coast area for seed of vetch, winter peas, annual ryegrass, 
ladino clover, and much of the tall fescue. Dallis grass seed must be 
imported from Australia. This situation results in higher price of 
seed. In addition, the current year’s crop of seed does not reach the 
South in time for fall planting which must be done with carry-over 
seed from the previous crop. Seed dealers are reluctant to carry over 
large stocks of seed. These factors contribute to limiting the amount 
of seed used for cover crops and the growth of the pasture program 
inthe South. Development of a home ‘seed- production industry would 
help solve this problem in addition to providing another cash crop 
for southern farmers. Local seed production appears feasible with 
some crops such as crimson clover, white clover, lupines, lespedeza, tall 

fescue, and others if certain problems are to be solved by research. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project was initiated in fiscal year 1950 with an allotment of 
522 750, 


ae 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of seed transmission of anthracnose of blue lupines.—An- 
thracnose, caused by Glomerella cingulata, is a serious disease of blue 
lupines atleations seed production indirectly by killing the plants and 
directly by attacking the pods and decaying the seeds. Viable seeds 
from infected pods ‘contain the fungus and transmit it to the next 
crop. After storage for 16 months few seeds contained viable fungus. 
Preliminary results indicate that the fungus in seeds can be killed with 
dry heat without destroying v iability of the seed. 


F. SOME ADDITIONAL WORK NEEDED 


Research on additional crops in the South—Because of the limited 
funds available, work was initiated on only part of the 30 or more im- 
portant grasses and legumes used for winter cover crops, soil improve- 
ment, and pasture in the South. There are needs for extending these 

investigations to vetches, winter peas, bur clovers, serecia lespedeza, 
and several other crops. 

Seed production studies in the North Central region—Limitation 
of funds on this project prevented initiation of studies on grass and 
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legume crops in the North Central region. This region produces large 
volumes of orchard grass, timothy, bromegrass, red clover, and other 
crop seeds. This contributes appreciably to farm income in the region. 
Seed yields have been erratic, however, and failures have been com- 
mon. <A stable seed industry in the region cannot be built on such 
fluctuating and low yields. Research is required on factors responsible 
for these deficient and variable yields to provide for increased pro- 
duction and stabilization. 

Seed production under irrigation —Throughout the West, more and 
more new land is being brought under water for crop production. 
Grasses and legumes are important crops on these irrigated lands 
as part of the crop rotation for soil improvement and to provide mar- 
ketable products that are not already in surplus supply. Seed yields 
of alfalfa, red clover, Ladino white clover, and some other grasses 
and legumes have been high in these irrigated areas. It is generally 
believed that a major part of the seed of new varieties of these crops 
must be produced in these areas. Almost no research has been con- 
ducted on the problems of soil, water, and plant management in rela- 
tion to seed production. The future of this great new industry and the 
welfare of the eastern farmers dependent on these new areas for a 
large part of their forage-crop seeds are jeopardized by lack of this 
essential research information. 

(For work in cooperation with States on regional projects N-11, 
NE-10, W-9, and S-11, see ch. 39.) 


CROSS REFERENCES—PRODUCTION 


For additional information especially pertinent to subjects reported 


on in this chapter, see also: 


BPISAE—a-—1-1, Chapter 5, maintenance of viable seed stocks, and to develop 
improved varieties and distribute seed. 

BPISAE—a-1-3, Chapter 11, seed flax and buckwheat. production and breeding. 

BPISAE—a-1-5, Chapter 5, oat breeding. 

BPISAE—a-—4-1, Chapter 8, alfalfa seed production. 

BPISAE—a-+-2, Chapter 8, clover seed production. 

BPISAE—a-4-5, Chapter 8, grass seed production. 

BPISAE—a-6-1, Chapter 16, improved methods of seed production. 

BPISAE—b-—4-3, Chapter 14, pea and bean diseases. 

BPISAE—b-4-7, Chapter 14, vegetable seed production. 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—g—4-1, Chapter 18, increasing seed stocks of canaigre. 

BPISAE—SRF-—2-125, Chapter 30, electric drying of seeds. 

BPISAE—RM: b—48, Chapter 31, research on nematodes. 

BPISAE—RM: b-—57, Chapter 31, weed control. 

BPISAE—a-I-8, Chapter 31, weed investigations and control. 

BPISAE—BDI, BAE—RM: b-99, Chapter 22, mineral deficiencies in soils and 
crops. 

BPISAE—RM : b-111, Chapter 38, national program in introduction of new plants 
and testing. 

BPISAE—b-11-2, chapter 38, introduction and evaluation of field crops. 

BPISAE—RM: b-—529, Chapter 11, flax seed production. 

BPISAE—RM: b-561, Chapter 30, grass and legume seed harvesting equipment. 

BEPQ—I-e-10, Chapter 8, insects attacking legume crops. 

BEPQ—I-4d-10, Chapter 16, leafhopper investigations. 

BEPQ—I-g-2, Chapter 38, bee management. 

BEPQ—I-g-3, Chapter 38, insect pollination. 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, toxicological effects 
of insecticides, ete. 

BEPQ—RM: b—425, Chapter 7, control of beet leafhopper. 

BEPQ—RM.: b—532, Chapter 38, effect of chemicals on pollination of crops. 

FS—d-1~44, Chapter 21, forest tree seed. 
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CROSS REFERENCE—UTILIZATION 


BAIC, BPISAE—RM: a-272, Chapter 38, plant-growth regulating compounds 
from seeds. 


C. MARKETING 


DistripuTIon oF Founpation Seep Srocks or SMALL-SEEDED 
LEGUMES AND GRASSES 


(BPISAE—RM : c-439—Federal-State—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of the program is to build up quickly, maintain, and 
distribute laondstinn seed stocks of regionally adapted superior grass 
and legume varieties. This foundation seed, of known varietal purity 
and quality, is carefully channeled to cooperating seed producers for 
use in further plantings to increase supplies of certified seed required 
for widespread use in American agriculture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-439-1—Distribution of foundation seed stocks of small- 
seeded legumes and grasses. ‘To increase foundation seed of Kenland 
red clover, Atlantic, Buffalo, and Ranger alfalfas, Tift Sudan grass, 
and Climax lespedeza. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Approval for the development of the foundation seed project was 
given in September 1948. BPISAE developed the ene in ¢o- 
operation with the Commodity Credit Corporation, the State agri- 
cultural experiment stations, the State extension services, the State 
seed-certification agencies, and the American Seed Trade Associa- 
tion. In 1949, Atlantic alfalfa, Kenland red clover, and Tift Sudan 
grass were selected as the three pilot strains in the foundation seed 
project. Acreages for the production of foundation seed were planted 
insofar as breeders seed would permit. The project was expande«i 
during the winter of 1949-50 to include three additional strains. 
namely, Buffalo and Ranger alfalfas and Climax lespedeza. 


D, FUNDS—-ANNUAL EXPENDITURES 


Funds provided to handle the administrative phase of the project in 
the fiscal years 1949 and 1950 were $24,000 and $30,400, respectively. 
Funds for the increase of foundation seed of each of the superior 
varieties under contract have been provided by the Commodity Credit 
Corporation under a cooperative working agreement. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Building up and distributing foundation seed stocks of superior 
varieties —Since the foundation seed project was initiated in Septem- 
ber 1948, cooperative working agreements have been developed with 
“8 states. The first plantings of Atlantic alfalfa, Kenland red clover, 
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and Tift Sudan grass for the production of foundation seed under 
the auspices of this project were made in the spring of 1949. Since 
this start foundation seed production plantings have been expanded 
for all varieties in the project. Progress made in increasing planting- 
stock seed of the strains in this short time is indicated below. 


| 
Foundation ee 
Variety seed avail- seed avail- 
oe able, Dec. | She. Dec 
31, 1948 31, 1950 


Pounds Pounds 
Wied Cad Mayet foe rai Sch esau ebeetennbtowan 100, 


Atlantic alfalfa_ -.-- - 

Buffalo alfalfa 
Peeerennes 3 200-3 5. ae ee ee 
Tift Sudan grass 


When the 1950 production of Kenland foundation seed is increased 
for two additional generations, as permitted under the seed certifi- 
cation program, it will provide 15 to 20 million pounds of certified 
seed. This amount of seed will plant about 45 percent of the total red 
clover acreage within Kenland’s region of adaptation. 

In 1950, 12 years after the release of Cumberland, a red clover 
variety with adaptation similar to Kenland, there had been less than 
1,000,000 pounds of seed available annually to farmers for hay, pas- 
tures, and soil-improvement plantings. ‘The foundation seed pro- 
ject, working with Kenland red clover, will make possible 50 times 
as much certified seed for farmers in about one-half the time. 

As a result of this coordinated effort, similar improvement is ex- 
pected in certified seed supplies of the other varieties. The 1950- 
grown foundation seed will make possible annually 1 to 2 million 
pounds of certified Atlantic alfalfa seed; 8 to 9 million pounds of 
certified Buffalo alfalfa; 9 to 10 million pounds of certified Ranger 
alfalfa; and 10,000,000 pounds of certified Tift Sudan grass. Never 
before have such large quantities of certified seed of vitally needed 
superior forage-crop varieties been in prospect for planting by 
farmers. 

The first large increase of Climax lespedeza will be made in 1951. 


F. SOME ADDITIONAL WORK NEEDED 


Effect of volunteer plants in seed fields—Large numbers of volun- 
teer plants may occur in seed fields after the first seed crop is har- 
vested. These arise from seed shattered during the harvesting opera- 
tion, and the new plants developed are therefore a generation re- 
moved from the parent foundation seed planting. Information must 
be obtained on how many seed crops can be taken from a field before 
the presence of volunteer plants will effect adversely the superior 
genetic characteristics of a variety. 

Maintaining superior characteristics of improved varieties through 
several generations of seed increase——Most forage crops are natur- 
ally cross-pollinated and, as a result, improved varieties are a 
composite of many different types of plants, a major portion of 
which have the superior qualities, such as winter hardiness and re- 
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sistance to specific diseases, that characterize the variety. The pro- 
portion of these superior plants, and hence, the superiority of the 
variety may be changed during seed increase by contamination with 
pollen from inferior strains of varieties of the same crop. This con- 
tamination is controlled by distance isolation. Little exact. infor- 
mation is available, however, on the distances required for effective 
isolation in the successive generations of seed increase. 

A further complication in maintaining varietal characteristics in 
the forage crops is that seed must be increased in most crops in areas 
and under environments differing from those from which the new 
variety was bred. This is because economical and rapid seed increases 
cannot be obtained in the major forage-producing regions of these 
crops. Cross-pollinated and heterogeneous varieties change rapidly 
when seed generations are grown under different environmental con- 
ditions. The number of seed generations that can be grown in areas 
outside of the region of adaptation without significant changes in the 
variety is largely unknown. 

To protect the users of certified seed by assuring that the varietal 
characteristics have not been lost due to cross-pollination or natural 
selection, laboratory, greenhouse, and field studies are required to 
analyze the homogeneity or uniformity of plant populations from 
successive generations of seed produced under the differing conditions 
of space isolation and in different areas of seed production. Until 
this research can be provided this foundation seed project cannot 
function with full effectiveness. 

Producing Breeders Seed.—Breeders seed is the planting stock used 
for the production of foundation seed. It is grown by the State 
agricultural experiment station originating or sponsoring the release 
of a new variety. The rapidity of increase of a new variety is directly 
correlated with the amount of breeders seed which can be produced. 
Inadequate supplies of breeders seed have definitely retarded the 
seed-increase program. Many of the State agricultural experiment 
stations are not able financially or legally to grow the breeders seed 
in the quantity needed, particularly where the variety is used in 
several States. A program to meet this need would greatly facilitate 
the development of the foundation seed project. 


Deve.opina Mretuops or MARKETING SEEDs OF IMPROVED VARIETIES 
(OES, PMA—RM: c-108-——Federal-State—RMA Funds) 


(Nore.—PMA phase of this project completed and findings published) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this research being conducted by the Mississippi 
Agricultural Experiment Station is to determine: (1) The relative 
costs and best methods of handling seed in the various steps of market- 
ing, such as in assembling, cleaning, storing, grading, testing, pack- 
aging, and selling; (2) services and facilities required to handle seed 
efficiently; (3) methods of improving plant lay-out from the stand- 
point of labor efficiency and ease in controlling insects and diseases; 
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(4) combinations of seed varieties which will promote more efficient 
use of processing facilities and capital investment required. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-108-1—Marketing Mississippi seed. To determine market- 
ing facilities available for processing and handling seed produced 
by Mississippi farmers, services performed by processors, volume of 
various kinds of seeds produced in the State, volume used in the State, 
and volume shipped out of the State. 

RM: c-108-2—Economics of plant operation in the seed industry. 
To determine the most efficient ways of using capital and labor in 
plant operation of seed industry in Mississippi by: (1) Analyzin 
methods of handling seed between place of harvesting and place o 
processing; (2) determining best. arrangements of buildings and 
equipment; (8) determining capital investment needed to establish 
various seed processing enterprises; and (4) determining combina- 
tions of seed varieties to make best use of available processing re- 
sources. 

RM: c-108-3—The economics and methods used in the processing, 
storing, and packaging of agricultural seeds. To determine relative 
cost and best methods of handling seed in various steps of processin 
in Mississippi by: (1) Securing information on the relative costs of 
drying seed i different processes; (2) comparing methods for clean- 
ing and separating various types of seed; (3) investigating methods 
and materials for insect and disease control; and (4) studying means 
of storing seed and suitability of different types of packages. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research agencies of the State and Federal Governments have spent 
years developing improved varieties of many crops. In general, seed 
of these improved varieties cannot be distinguished from common seed 
by their appearance. Methods for handling large volumes of red 
clover and alfalfa seed have been developed by the Production and 
Marketing Administration which will maintain varietal purity from 
the grower to the consumer. The Mississippi Agricultural Experi- 
ment Station is attempting to make better seed available to farmers 
by assembling information on better processing and marketing tech- 
niques which will make possible the identification of improved seed 
varieties. 

D. FUNDS—ANNUAL EXPENDITURES 


Expenditures by the PMA during fiseal year 1948 and 1949 totaled 
$20,761. Allotments to the Mississippi Agricultural Experiment Sta- 
tion amounted to $5,000 in fiscal year 1949 and $20,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of methods to maintain seed identity through mar- 
keting channels by the PMA is expected to expand the use of improved 
varieties of red clover and alfalfa through such accomplishments as: 
(1) The development of procedures by the International Crop Im- 
provement Association to enable State seed certification agencies to 
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complete certification of certified seed that has been produced in 
another State; (2) the development of procedures whereby State cer- 
tification agencies retain the certification identity of seed previously 
refused certification. Some States are now issuing a special tag that 
recognizes the seed for what it is. This maintains the identity of much 
seed that does not meet certification standards; (3) the establishment 
of concentration centers at strategic points in eastern consuming areas 
which resulted in more rapid movement of certified seed from western 
producing areas to eastern consuming States. This has permitted 
more prompt delivery; (4) seed suppliers are giving greater atten- 
tion to the packaging requirements of seed distributors and are of- 
fering a variety of bag sizes to permit handling and sale without 
subsequent breaking of bags; (5) increased selection of individual 
lots of seed so that the seed law requirements of the States of in- 
tended sale and use will be met; and (6) the bulking of more certified 
seed into larger lots before it leaves the producing State. This, alon 
with the use of proper bag sizes, will permit the sale of more cortified 
seed in original bags without the subsequent need or expense of 
bulking or rebagging. 


F. SOME ADDITIONAL WORK NEEDED 


Preliminary results from the research being conducted in Missis- 
—_ would indicate that similar research in other States producing 
different seed crops would be highly desirable as a means of improving 
quality of seed used by farmers. 


STANDARDIZATION AND COORDINATION OF Mrtriops oF SAMPLING AND 
Trstine SEEDS 


(PMA—OES—RM-c-355—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To overcome nonuniformity in results of seed sampling and seed 
testing between the Federal and the 48 State seed-law-enforcement 
agencies and minimize avoidable violations of law, private litigation, 
and confusion in the seed industry. Current work is aimed at finding 
how the results of tests are affected by present sampling procedures 
and lack of uniformity of seed lots in commercial channels and stan- 
dardizing those testing procedures that have been found to cause 
variations in results among laboratories. 


B. CURRENT ACTIVE LINE PROJECTS 


RM-~c-355-1, ES-115—Expediting the marketing of seed through 
improved testing procedures. To determine and standardize: (1) 
New and reliable methods for rapid determination of germination; 
(2) methods of identifying seed-borne micro-organisms and their 
influence upon germination tests; and (3) characteristics of noxious- 
weed seeds by which positive identification can be made. 

RM-c-355-2—Coordinating and improving seed sampling and test- 
ing. To: (1) Determine by studies in the field with factors inter- 
fere with securing truly representative samples of seed in commercial 
channels, giving special consideration to methods of sampling by State 
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officials and lack of uniformity in seed lots, and determine measures 
by which seed officials and seedsmen may remove the causative factors ; 
(2) determine by studies in the field the extent of variation in results 
of laboratory tests among the State and Federal seed laboratories, and 
the causes of variation, with a view to taking corrective measures in 
cooperation with the States; and (3) develop, standardize, and im- 
prove methods of testing and sampling. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the early part of the century seed testing was done primarily 
on a service basis for farmers and seedsmen. Research in seed testin 
was aimed at developing methods of testing. In order to prevent fraud 
in seed marketing with resulting crop losses, the Federal and State 
Governments passed laws that gave protection to the planter. This 
required sampling and testing of seed lots by seedsmen for labeling 
yurposes and also by Federal and State agencies for control purposes. 
Parse and seedsmen are gradually giving greater attention to the 
results of laboratory tests as a basis of buying and selling. During 
the last decade there has been much complaint, particularly on the 
part of seedsmen, that results of tests from different laboratories 
have been at variance despite the existence of official rules for test- 
ing seeds. It has not been possible to determine immediately the 
cause of these variations. The present project to solve this problem 
was inaugurated in July 1948 and has the support of seedsmen and 
State officials. The plan of the work has been to: (1) Determine to 
what extent the claims of variation in test results are correct; (2) 
determine the causes; and (3) take corrective measures. Part of the 
work is conducted cooperatively with the Iowa State Experiment 
Station through funds matched by the Office of Experiment Stations. 


D. FUNDS—ANNUAL EXPENDITURES 


Federal expenditures for the work have been financed as follows: 


j ; | 
| PMA | OES | Total 


I Ea anil Silaaeh decaat ital de al RE ict! $23, 300 
1950 5 Sn Papatn aaa ee $7, 000 | 30, 500 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment of basis for failure to secure representative sam- 
ples.—It has been found that about 80 percent of the seed lots in com- 
mercial channels so far examined in this study are not uniform in 
content. It is not possible to secure representative samples from non- 
uniform seed lots. Since large seed lots are usually Stain into small 
sublots for the use of individual planters, it can readily be seen that 
some planters will get seed of lower quality than expected from the 
labeling. It was also determined that in many instances State seed 
inspectors did not follow generally accepted procedure for sampling. 
This may also result in nonrepresentative samples. These findings re- 
veal the type of corrective measures which need to be devised. 
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Establishment of basis for variation in results among laborato- 
ries—The principal causes of variation in results of laboratory tests 
were found to be as follows: (1) Deficiency of personnel and inade- 
quate training of many persons now engaged in seed testing; (2) fre- 
quent failure of analysts to follow accepted rules and eemerviesien: 
(3) inadequate equipment and space to do the required work; and (4) 
pressure of workload. The need for persuasive corrective efforts is 
suggested and these facts provide the basis for them. 

Promulgation of a procedure for determining varieties of Sudan 
grass by seed characteristics —On the basis of research carried out 
under this project, an improved procedure for testing Sudan grass 
seed for variety has been put into effect. This procedure will be fol- 
lowed throughout the United States by Federal, State, and commer- 
cial analysts. Since distinctions are based on color, a standard color 
chart and color photographs of typical color groups were made. 
These are being made available to seed analysts at cost and should 
contribute to more uniform results. This will overcome confusion 
which has existed in commercial channels as to the quality and purity 
of seed sold as Sweet Sudan grass. 

Improvement in methods of testing for germination.—When tested 
by the old official method, suckling clover seeds frequently imbibed 
water but failed to germinate. This offered a serious problem for per- 
sons buying and selling this seed as its planting value could not be 
accurately determined. As a result of a study of this problem a 
method of testing was developed which practically eliminates the 
difficulty. 


F. SOME ADDITIONAL WORK NEEDED 


Investigation into means of blending seed into uniform lots —Seeds- 
men are expected to make seed lots uniform; otherwise, planters buy- 
ing small parcels from large seed lots would get seed of unknown 
quality. It is urgent that reliable information concerning methods of 
blending different quantities of the many kinds of seed into uniform 
lots be obtained and made available to seedsmen. Likewise additional 
information on methods and equipment used in sampling and testing 
is needed. Such information could be used to eliminate the circum- 
stances which cause much of the error in descriptions of seed in com- 
mercial channels. 

Instruction of State and commercial analysts —State and commer- 
cial seed analysts are constantly seeking assistance from a national 
level to coordinate seed-testing activities throughout the country. 
This could be done effectively through schools or conferences held 
by regions. The conferences should be open to all active seed analysts 
and instruction should be directed toward standardization. 

Standardization of laboratory techniques—In addition to the few 
laboratory procedures which are now being studied in this research 
work, there are many others that require research before they can 
be standardized to the extent that seed analysts can be expected to 
follow them uniformly. These include: (1) Separating sound seeds 
from seeds of which the embryo has been destroyed by insects or which 
have failed to develop as embryo; (2) distinctions between normal 
seedlings, which can be expected to produce plants under field condi- 
tions, and abnormal seedlings which are weak and worthless, for all 
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the kinds of cultivated plants; and (3) methods of overcoming the 
rest period or dormancy that results in failure of some kinds of seed 
to germinate under usual conditions. Occasionally, new kinds of 
crops come into cultivation and these require research in order to 
establish methods of testing. Recent introductions on which infor- 
mation is not available include safflower, an oilseed crop of consider- 
able promise, and several so-called range grasses. 


CROSS REFERENCES——MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—Chapter 32 for reports on crop and livestock estimates. 

BAE—Chapter 33 for commodity market news service. 

BEPQ—RM: c-156, Chapter 5, insect damage to stored grains, cereal products, 
seed stocks. 

BPISAE—e-2-3, Chapter 30, storage structures and equipment. 

BPISABH, BAI, OES, PMA, FCA—RM: c-415, Chapter 5, methods, equipment, 
and structures for conditioning of grain, seeds, and feeds. 

PMA—Market inspection of rice, hay, beans, peas, hops, and miscellaneous com- 
modities, chapter 34, 

PMA—Administration of United States Warehouse Act, chapter 35. 

PMA—Federal Seed Act, chapter 35. 

EXT—RM : c-95, Chapter 37, seed marketing. 





COTTON (INCLUDING COTTONSEED) AND 
OTHER FIBER PLANTS 


Chapter 10—Part II 


ForREWoRD 


This chapter on cotton, cottonseed, and other plant fibers covers 
research and related services in the USDA concerning these com- 
modities. The part relating to cotton and cottonseed is divided into 
three major sections—production, utilization, and marketing—-which 


include a description of work on breeding, disease control, cultural 
practices, insects and insect problems, and mechanization; the utili- 
zation of cotton, cottonseed, and their products; ginning and associ- 
ated processes; and work relating to the marketing of cotton, cotton- 
seed, and their products. 

The relatively small amount of work on plant fibers other than 
cotton is limited mainly to work on production. 

Following each major section of the chapter are cross-references 
to project statements in other chapters which include at least some 
work concerning cotton, cottonseed, and other plant fibers. 
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A. PRODUCTION 


Corton BREEDING AND IMPROVEMENT INVESTIGATIONS 


(BPISAE—a-2-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop varieties of cotton which will produce maximum yields 
of the most desirable qualities under the numerous prevailing and 
changing conditions as affected by soils, climate, insects, diseases, and 
cultural and harvesting practices. The current work is particularly 
concerned with the development of varieties better to meet increased 
competition from synthetic fibers, paper, and foreign cottons, and 
which will be better suited to mechanical harvesting. In addition, 
work of a more fundamental nature is under way to provide new and 
improved breeding methods and techniques and basic information 
which will contribute to both a more rapid and a wider range of accom- 
plishments. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-2-1-18—Breeding for new and extended properties in cottons 
in the Southeast. To develop cottons with new and extended fiber 
properties adapted to conditions in the southeastern cotton area, that 
will increase net returns to the farmers and improve mill performance 
and textile products. 

a-2-1-19—Breeding for new and extended properties in cottons in 
the Midsouth. ‘To develop cottons with new and extended fiber prop- 
erties adapted to conditions in the Midsouth, especially the alluvial 
river bottoms, that will increase net returns to farmers and improve 
mill performance and textile products. 

a—2-1-20—Breeding for new and extended properties in cottons in 
the low-rainfall, Blacklands, and Plains areas of Texas and Oklahoma. 
To develop cottons with new and extended fiber properties better 
adapted to conditions in the Blacklands and Plains area and to strip- 
per-type mechanized production which will increase net returns to 
farmers and improve mill performance or end-use products. 

a~2-1-21—Breeding for new and extended properties in cottons in 
the irrigated areas of the Southwest. To develop improved strains 
of special and general-purpose upland cottons having new and ex- 
tended fiber properties adapted to the irrigated valleys of the South- 
west which will increase net returns to the grower and more ade- 
quately meet the needs of the spinning industry. 

a-2-1-22—Breeding for new and extended properties in American- 
Egyptian and other extra-long staple cottons adapted to the irrigated 
Southwest. To develop improved strains of American-Egyptian and 
extra-long staple upland varieties adapted to the irrigated valleys 
of the Southwest that will increase net returns to the grower and meet 
the demands of spinners. 


739 





740 AGRICULTURAL RESEARCH AND RELATED SERVICES 


a—2-1-23—Breeding for new and extended properties and increased 
returns from Sea Island and other extra-long staple cottons adapted 
to the Southeast. To develop improved strains of Sea Island and 
extra-long staple upland varieties adapted to the Southeast that will 
increase net returns to the grower and meet the demands of users of 
extra-long or extra-strong staples. 

a—-2—1-24—Improving breeding methodology. To develop improved 
methods for breeding cotton. 

a—2-1-25—-Cytogenetics of the genus Gossypium. To determine 
within the genus Gossypium the number, size, and structure and pair- 
ing behavior of the chromosomes as related to cross fertilization and 
hybridization of cotton species. 

a—-2-1-26—Species hybridization and transference of new charac- 
ters. ‘To obtain new characters and extended properties in American 
cultivated cottons by transference of genes from wild, primitive, and 
Old World species. 

a—2-1-27—Inheritance of major genes in American upland cotton. 
To determine the mode of inheritance of the major genes to aid breed- 
ers in developing cottons with new and extended properties resistant 
to disease hazards and which will give maximum net returns to the 
grower. 

a—2-1-28—Quantitative inheritance in American upland cotton. 
Separately or in conjunction with line project a—2—1-27 or other proj- 
ects dealing with breeding for disease resistance, and improvement of 
yield or fiber quality, to determine the mode of inheritance for im- 
portant quantitative characters, 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of improved cotton varieties was initiated in the early 
1900’s and was concerned primarily with the evaluation and adapta- 
tion of cottons introduced from foreign countries. The rapid spread 
of the boll weevil focused attention on the breeding of earlier maturing 
varieties. Later emphasis was shifted to breeding varieties with 
greater resistance to serious diseases. This was followed by cottons 
better adapted for irrigation, and the development of new varieties for 
the different soil and climatic conditions in the rain-grown areas. 
Development of fundamental information in genetics Bs stdin een and 
in fiber technology has permitted the present emphasis on the breeding 
of high-yielding, disease-resistant varieties better suited to mechanized 
production and with superior fiber characteristics. 


D. FUNDS--ANNUAL EXPENDITURES 


With the cotton work financed from a fund covering work on sev- 
eral crops or lines of work, estimates for early years are difficult to 
obtain. A very rough estimate of annual expenditures from 1906 
to 1929 ranged from $12,000 to $70,000. From 1929 to 1934, the costs 
approximated $100,000 to $150,000 a year. Since then, the annual 
expenditure on cotton breeding and genetics has varied from approxi- 
mately 190,000 in 1934 to $225,000 in fiscal year 1950. 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of Egyptian cotton and the development of the Ameri- 
can-E'gyptian industry, as it exists today, may be credited directly to 
Department activities. To date, no Egyptian variety introduced into 
this country has been found well adapted to our growing conditions. 
Selection, hybridization, and use of modern breeding techniques have 
given us American-Egyptian varieties which produce good yields and 
compete favorably in mill performance with the best Egyptian 
growths. The two outstanding new American-Egyptian varieties are 
Amsak and Pima 32. 

The development of Fusarium wilt-resistant varieties both in sea 
island and in upland cottons—¥rom the breeding program which 
started in the first decade of the century, varieties have been developed 
that can be grown in every section of the South without serious damage 
from this disease. 

The selection of early maturing varieties to minimize damage by the 
boll weevil——The spread of the boll weevil throughout the Cotton 
Belt in the early years of the present century caused great alarm. 
To fight the weevil, the Bureau of Plant Industry introduced new 
types of cotton from Central America and Mexico, where the pest has 
been native for centuries, and also started a program of selection and 
hybridization for early blooming types that would mature a crop in 
a relatively short time. This program succeeded in developing a series 
of varieties that replaced the older cottons grown throughout the main 
belt. It was through the efforts of the Bureau and cooperating State 
agencies that such varieties as Trice, Foster, and Lone Star were 
developed. These varieties were the foundation stock from which the 
present improved varieties of the main belt have come, including 
Stoneville, Deltapine, Coker 100, Empire, and other varieties bred 
by private and public breeders. 

The development of the Acala selections.—In introducing new types 
to combat the boll weevil, some of the cottons introduced from Mexico 
were soon found to be better adapted to growing conditions under 
irrigation in the Southwest than varieties grown in the Cotton Belt. 
The introduction and subsequent breeding work with Acala by the 
Bureau in California, and cooperatively in New Mexico and Arizona, 
have resulted in commercial strains of this variety which represent the 
highest quality in American upland cottons produced in the world. 
The two outstanding present-day examples are Acala 4-42 and Acala 
1517. California in 1949 produced a million and a quarter bales of 
Acala 4-42. Because of its superior tensile strength and other quali- 
ties, this variety was in such demand that none of it went in the Federal 
loan program. 

The development and improvement of methods for breeding varie- 
ties and for maintaining the purity and uniformity of the crop have 
become standard practice by public and private breeders today. 
Examples of some of these well-known techniques are the plant-to-row 
method of selection and the currently used inbreeding techniques. 

Improvement of fiber quality.—Replacement of the older types was 
not done without some sacrifice of yield and fiber quality. In the 
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early 1920's, attention was focused on developing cotton an inch or 
more in length with the yield as high or higher than the shorter 
stapled varieties then a This program succeeded within a 
period of 15 years. In breeding work conducted cooperatively with 
agricultural experiment stations, the quality of American upland 
cottons has been greatly improved since the early thirties. As a 
result of (1) the regional variety test conducted cooperatively with 
experiment stations in 14 cotton-growing States from 1985 to 1947, 
inclusive, and (2) the program in applying fiber and spinning testing 
techniques to commercial varieties and new strains developed by 
breeders, many popular varieties of poor fiber quality have been 
replaced by standard varieties of high ber quality. 

tilization of wild and Asiatic cottons as germ plasm in cotton 
breeding.—For many years the Bureau of Plant Industry maintained 
work in the relationship of cotton species. With the development of 
cytology and cytogenetics, the relationship between the wild relatives 
and the commercial upland types has been worked out. Upland cotton 
has been found to be tetraploid (i. e., it has twice as many chromosomes 
as the Asiatic varieties and the wild American relatives). Within the 
last 12 years it has been possible through the use of a substance known 
as colchicine to double the chromosome numbers of the wild and 
Asiatic cottons and to cross them with American upland types. This 
has opened up a new field, and work is now under way on problems 
of transferring valuable properties such as fiber strength into upland 
cottons. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Development and evaluation of interspecies cottons.—Cottons with 
strikingly different fiber properties, such as strengths 75 percent above 
commercial varieties, have been discovered through species hybridiza- 
tion—including primitive and wild forms. Potentially these are new 
textile raw materials. Their rapid development and improvement, 

yparticularly increases in yield capacity, are of utmost importance. 

hese preliminary developments could result in basic changes of 
major significance in the future competitive position of cotton and 
should be explored fully. As new and extended properties are stabi- 
lized, they must be evaluated in each step of processing, finishing, and 
performance in textile uses. 

Development of new and extended properties in extra-long staple 
cottons.—Interest in the production of American-Egyptian cotton has 
been revived both because of normal peacetime needs and for national 
security reasons. Every effort is being made to develop an adequate 
extra-long staple breeding program to meet the competition from 
synthetic fibers in woven fabrics for which American-Egyptian cottons 
are suited. There is urgent need to expand the program at Sacaton, 
Ariz., and to initiate research in New Mexico and west Texas for 
developing improved varieties adapted to high mountain valleys. 

Acceleration of cotton genetics and breeding investigations through 
production of more than one generation per year.—To meet needs for 
fibers of specific end-use values, and for meeting increasing competi- 
tion from synthetic fibers, the development of improved cotton vari- 
eties should be accelerated. Cottons must have good yielding capacity 
as well as resistance to diseases and insects. The cotton breeder must 
now delay intensive selection for many characteristics until the second 
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and subsequent generations. A tropical location for greenhouses, 
where segregating generations could be grown for selection during 
the winter months, would materially speed up the breeding and im- 
provement program. 


Corron Quatiry INVESTIGATIONS 


(BPISAE—a-2-2—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) study the fiber properties and evaluate their importance 
both in spinning performance and in end use; (2) devise accurate and 
rapid methods of measuring fiber properties; (3) find how favorable 
changes can be made in fiber properties either by cultural practices 
or by heredity and thus to improve the quality of cotton. It has been 
demonstrated that certain fiber properties such as fineness, length, and 
strength, and combinations of these in a large measure determine 
spinning value. Variations in these properties are associated with 
different varieties of cotton and with variations in growth condi- 
tions. The current work is largely concerned with the relationship 
of environmental and varietal factors to fiber properties and use 
values, and with helping the breeder develop cottons with greatly im- 
proved fiber properties. 


B. CURRENTLY ACTIVE LINE PROJECTS 

a—2-2-1 (Revised )—Spinning utility and use value of new cotton 
varieties and strains. To determine the spinning performance of new 
varieties and strains under different environments, to relate the prop- 
erties of the cotton in these varieties to their performance in spinning, 
to the characteristics of the yarns and fabrics and to their value for 
specific end uses, and to establish the relative importance of the indi- 
vidual fiber properties taken separately and in combination. 

a~2-2-3 (Revised )—Effect of environmental factors on fiber prop- 
erties. To determine the effect of environmental factors on fiber prop- 
erties, fiber property interrelationships, and performance in proc- 
essing. 

a-2-2-9—F actors influencing yarn appearance as related to heredi- 
tary and environmental causes. To determine the influence of fiber 
properties on yarn appearance, especially neppiness, and to relate 
differences in yarn appearance to specific genetic and environmentally 
influenced fiber properties and te variations in spinning operations. 

a—2-2-10—-Mode of inheritance and interrelationships of meas- 
urable fiber properties. To determine for specific fiber properties their 
mode of inheritance, the nature of their relationships with other fiber 
properties, and their effects on spinning performance. 

a—-2~-2-11—Relation between fiber properties and the minute struc- 
ture of the cotton fiber. To determine the nature of the minute struc- 
ture of the fiber wall, factors which modify the structure, and how 
structural modifications are related to the physical properties and 
the spinning performance of the cotton fiber. 

a—2-2-12—Fiber perimeter and fiber-wall thickness as specific com- 
ponents of fiber fineness. To determine the nature and extent of 
genetic and environmentally induced variations and interrelation- 
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ships of the two components of fiber fineness : perimeter and secondary 
wall thickness. 

a-2-2-13—Influence of heredity and environment on the pants and 
composition of cotton wax. ‘To determine the nature and extent of 
the influence of heredity and environmental factors on the quantity 
and composition of the wax on cotton fibers. Cotton wax is limited 
to the surface of the fibers and variations in wax affect the frictional 
properties of the fibers and therefore spinning performance. 


C. HISTORY AND EVOLUTION OF THIS WORK 


For many years grade, staple, and character have been recognized 
as factors affecting the spinning performance and use value of cotton. 
Prior to World War I the only measure of these factors was the judg- 
ments of cotton classers. The first concerted efforts to evaluate cotton 
quality by measuring fiber properties in the laboratory and by study- 
ing the interrelationships of properties as related to spinning per- 
formance began in Great Britain in 1920 and in the Bureau of Agricul- 
tural Economics in 1925. As knowledge and techniques developed it 
soon became apparent that all fiber properties vary with the variety of 
cotton and with the environment during the growth of the plant. 
Improving fiber quality was soon looked upon as a definite part of the 
cotton-breeding program. This project on cotton quality was begun 
in 1934 and has continued until the present time. The role that many 
of the fiber properties play in spinning performance has been evalu- 
ated and rapid and accurate methods have been devised for measuring 
length, strength, and fineness. These methods have been used in 
developing new varieties with improved quality. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Prior to 1934, practically no money was spent on cotton-quality 
work in the Bureau. In 1934 and 1935 approximately $10,000 was 
expended. This was increased to $39,000 in 1936 and to $52,000 in 
1941. In 1950 the allotment was $79,560. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Elimination of varieties having poor fiber qualities—For a time 
after this project was begun all commonly grown commercial varieties 
were tested under a wide range of environmental conditions. Certain 
varieties stood out with superior fiber properties in which others were 
deficient. Within a few years the poor varieties were replaced and 
the general quality of the crop was greatly improved. At present all 
new varieties are thoroughly tested before they are released. 

Relationship of fiber properties to spinning performance —Work 
on this project demonstrated that yarn strength can be attained by 
increasing fiber strength as well as by increasing staple length. In- 
creased staple length adds to processing costs. Therefore the best 
means of increasing yarn strength is to improve fiber strength. These 
results have been responsible for the emphasis that is now being placed 
on fiber strength in the breeding program. 

Instruments have been devised to measure length, strength, and 
fineness quickly and accurately—lIn cooperation with the Tennessee 
Agricultural Experiment Station, the fibrograph, a rapid electronic 
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device for measuring fiber length, was developed. This instrement is 
used today by cotton breeders, cotton merchants, and in textile mills 
whenever a laboratory determination of fiber length is required. 

In cooperation with the Tennessee Agricultural Experiment Sta- 
tion, the air-flow method was demonstrated to be spplicable in measur- 
ing fiber fineness and the arealometer was developed using this prin- 
ciple. Instruments using the air-flow principle, such as the micron- 
aire and the arealometer, have completely replaced older methods in 
measuring fiber fineness. 

In cooperation with the Arizona Agricultural Experiment Station, 
the Pressley strength tester was developed. This instrument is widely 
used throughout the cotton industry. 

Relation of fiber structure to fiber properties has been investigated, 
and study of the development of fiber has shown how these structures 
arise. Environment and heredity have a direct influence on fiber struc- 
ture, thus affecting fiber properties. A knowledge of structure has 
provided a sounder basis for improving properties through the breed- 
ing program. 

Sources of fiber strength have been found in cottons distantly re- 
lated to commercial uplands, but only relatively minor increases in 
strength have appeared in a wide survey of commercial types. There- 
fore, if striking advances in fiber strength are to be made through 
plant breeding, they must come from wide crosses. The transfer- 
ence of strength through species crosses to upland cottons has been 
in progress for several years. 


F. SOME ADDITIONAL WORK NEEDED 


Early evaluation of outstanding cottons having new and extended 
properties.—As new varieties having outstanding properties are de- 
veloped, they must be evaluated in each step of processing, finishing, 
and performance in textile uses. The Bureau is now working in coop- 
eration with BAIC, PMA, and the National Cotton Council in evalu- 
ating Hopi Acala 50, a cotton with outstanding yarn strength and yarn 
appearence that has been multiplied to 300 acres in California in 1950. 


Hopi Acala cotton is to be tested in more than 25 mills this coming 
season. As new outstanding cottons are developed similar tests must 
be run and it will be necessary to work out methods and techniques to 
evaluate these cottons before placing the seeds in the hands of the 
farmers. 

Development of methods to enable breeders to select for absence of 
neppiness in cotton is urgently needed. Neps are small imperfections 
or knots in cotton which appear at the time of ginning or in the early 
stages of processing and persist in the finished yarn. At present the 
only accurate method of evaluating neps is to count them in the card 
web during standard spinning tests. Although neps can be increased 
by mishandling, it is clear that nep formation depends upon fiber 
properties, 

Breeders could do much to reduce the neppiness of cotton if they 
had a method of measuring neppiness on material in their breeding 
blocks. 

Development of rapid methods for measuring fiber perimeters.— 
Fiber fineness is known to be one of the important fiber properties. 
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Variations in fineness are associated with differences in perimeter 
or differences in wall thickness and these two variables cannot be 
separated with present rapid methods. It is not possible to tell the 
difference between a narrow perimeter fiber with a well-developed 
wall and a wide perimeter type with a thin wall. Thin-walled fibers 
are undesirable so a rapid method for measuring fiber perimeter would 
be of great aid in the breeding program. 


Corron Disease INVESTIGATIONS 
(BPISAE—a-—2-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) search for disease-resistant or disease-immune breeding 
stocks, and in cooperation with breeders and geneticists; (2) incor- 
porate resistance or immunity into new commercially desirable or 
superior varieties of cotton; (3) study host parasite relationships as 
an aid to a better understanding of erratic disease behavior under 
different environmental conditions; and (4) develop testing tech- 
niques as an adjunct to screening services to breeders. In cooperation 
with physiologists, with representatives of responsible chemical con- 
cerns, and others to investigate farm practices of value in controllin 
cotton diseases. To develop or improve methods for the control o 
bacterial blight, Verticillium wilt, Fusarium wilt, nematode-disease 
complexes, Phymatotrichum root rot, seedling diseases, and deterio- 
ration of cotton fiber in the field before harvest. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—2-—3-1—Methods for controlling bacterial blight in upland cotton. 
To control bacterial blight, also called angular leaf spot, black arm, 
and bacterial boll rot by developing blight-resistant upland varieties 
having superior agronomic and fiber qualities. 

a—-2-3-2—Methods for controlling Fusarium wilt of cotton. To 
devise control measures for use against Fusarium wilt of cotton, 
investigating such genetic, chemical, and cultural techniques as 
seem to offer promise for this purpose. 

a-2-3-3—Methods for controlling Verticillium wilt in irrigated 
cotton. To control the hazard caused by Verticillium wilt to pro- 
duction and to fiber quality in cottons of the irrigated region by 
developing resistant varieties and by devising fertilizer treatments 
and cultural and cropping practices that are less favorable to the 
fungus and more favorable to the cotton plant. 

a-2-3—5—Methods for controlling nematodes and nematode-dis- 
ease complexes in upland cotton. To remove the hazard to cotton 
production in localized areas in the Coastal Plain and in other areas 
where nematode damage to upland varieties is severe by developing 
nematode resistant varieties and through the use of soil fumigant 
chemicals. 

a—2-3—6—Methods for controlling seedling diseases of cotton. To 
evaluate the effectiveness of new chemical treatments for preventing 
fungus damage to cottonseed during the preemergence and early 
postemergence periods of growth. 
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a~2-3-8—-Methods for controlling bacterial blight in American- 
Egyptian and Sea Island cotton. To control angular leaf spot, black 
arm, and bacterial boll rot by developing resistant varieties. 

a-2-3-9—Biological forms and host-parasite relationships of the 
Fusaria causing wilts of cotton and related plants. To establish the 
host range of the Fusarium which causes wilt of cotton and te study 
the fundamental relations between host and parasite in the wilts of 
cotton and associated plants. 

a—2~3-10—Methods for controlling nematodes and nematode-dlisease 
complexes in American-Egyptian and sea-island cotton. To develop 
resistance to nematodes and nematode-disease complexes in American- 
Egyptian and sea-island cottons by hybridization, testing and select- 
ing, and through the use of soil fumigant chemicals. 

a~2-3~11—Methods for controlling Verticillium in rain-grown cot- 
ton. ‘To contro! the hazard caused by Verticillium wilt to produc- 
tion and to fiber quality in cottons of the Mississippi Delta and other 
areas where rain-grown cotton is produced, by Sasa resistant 

varieties and by devising fertilizer treatments, ‘cultural and cropping 

practices that are less favorable to the fungus and more favorsble to 
the cotton plant. 

a—2-3-12—Methods for controlling Phymatotrichum root rot. To 
establish improved methods and techniques i in respect to root rot con- 
trol measures previously demonstrated, using leguminous cover crops 
and nutritional additions to the soil, and to experiment with new 
methods and materials that may contribute to root rot control 
practices. 

a—2-3-13—Methods for controlling field deterioration of cotton 


fiber. To determine the agents responsible for microbiological fiber 

deterioration in the field and to investigate genetic, cultural- -practice, 
and chemical control methods which may seem applicable. ‘To deter- 
mine the nature of and methods for controlling nonbiological weather- 
ing agencies operating on the fiber. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of cotton diseases were made by various divisions in 
the Department of Agriculture prior to the establishment of the Divi- 
sion of Cotton and Other Fiber Crops and Diseases. In 18%6 the 
Chief of the Division of Vegetable Physiology and Pathology listed 
Fusarium wilt of cotton as one of the principal diseases being i investi - 
gated. Both sea-island and upland cottons were ravaged by the 
disease and attempts were made to find resistance by selection and 
breeding. Fusarium resistant strains of both sea-island and upland 
cotton were developed in the early 1900’s. The subsequent spread of 
cotton production westward, the dev elopment and introduction of new 

varieties, and the appearance of many new and destructive diseases 
have necessitated increased emphasis on disease research. Since the 
reorganization of the Cotton Division in 1934 the establishment of co- 
operative Federal-State working agreements has facilitated intensi- 
fied research on the disease problems across the entire Cotton Belt. 
The widespread and destructive nature of several major cotton diseases 
and the lack of adequate resistance in many of the new varieties ren- 
ders it imperative that disease resistance be incorporated in the breed- 
ing stocks of high-yielding varieties better suited to mechanized pro- 
duction and with superior fiber properties. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


The entire research on cotton was originally financed from funds 
covering several crops or lines of work. Therefore accurate estimates 
of expenditures on disease investigations for early years are difficult to 
obtain. From 1906 to 1928 the total annual expenditures on cotton 
probably ranged from $12,000 to $70,000 with additional funds ex- 
pended by the Division of Vegetable Physiology and Pathology for 
Dr. Erwin F. Smith’s research. From 1928 to 1930 the budget for 
cotton diseases ranged from $17,000 to $35,000. In addition to the 
Cotton Division’s budget the Bureau of Chemistry and Soils allocated 
funds to the study of Texas root rot. In 1939 these funds amounting 
to $27,000 were administered by the Cotton Division as well as $28,000 
Cotton Division funds for disease research. Since then the annual 
expenditures on cotton diseases in the Cotton Division have varied 
from approximately $43,900 in 1942 to $67,540 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of Fusarium wilt-resistant varieties in sea-island 
and in upland cottons.—From the disease-research program which 
started in the late 1890's, varieties have been developed that produce 
satisfactory yields on wilt-sick soil. More recent investigations have 
shown the value of liberal applications of fertilizers high in potash 
along with the planting of wilt-resistant varieties. 

Practical control for Texas root rot.—The production of a modi- 
fied soil microflora by tillage practices and leguminous cover crops 
has minimized losses from root rot. The best practical control of 
root rot in the Blacklands area of Texas has been obtained from 
rotations with hubam clover, where the crop residues are plowed under 
in late summer or early fall. Early fall plowing (mid to late Sep- 
tember) and deep tillage have also proved beneficial in reducing 
losses from root rot. 

Resistance to bacterial blight in upland cotton.—Strains of upland 
cotton have been isolated that are inherently resistant to bacterial 
blight. This resistance is being transferred by breeding to locally 
adapted varieties of the entire Cotton Belt. 

Control of seedling diseases and seed-borne diseases.—Means of 
obtaining significant increases in yield have been developed through 
the use of seed protectants to control damping-off and the seed-borne 
diseases during early stages of growth, contributing to a better stand 
from reduced seeding rates and a conservation of improved seed 
stocks. 

Means of reducing fiber deterioration due to microbial activity in 
the field —Field deterioration of cotton at the time of boll opening 
has been found to be markedly reduced by defoliation of the plant. 

Control of nematode-disease complex in upland cotton.—A high 
degree of control for nematodes and nematode-disease complexes in 
upland cotton has been found possible through the use of soil-fumi- 
gant chemicals. 

F. SOME ADDITIONAL WORK NEEDED 


Verticillium-tolerant cotton for the entire Cotton Belt——During the 
past 15 years Verticillium wilt has been spreading very rapidly 
throughout the irrigated Southwest, in the alluvial Midsouth sections, 
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and other rain-belt areas. The disease has now become an alarming 
hazard to production necessitating the abandonment of upland cot- 
tons in some highly productive regions in New Mexico and west Texas. 
The degree of resistance obtained so far is inadequate to withstand the 
ravages of the increasingly virulent forms of this disease. Investiga- 
tions are urgently needed as to the natures of the disease organisms, 
factors responsible for the spread and increasing severity, and for 
devising control measures. 

Control of fiber deterioration in the field —F ber deterioration inves- 
tigations have disclosed numerous important and practical relations of 
fiber deterioration to defoliation, to anthracnose seedling disease, and 
to mechanical harvesting, all of which should receive further stiudy. 


Corre IN CULTURE. NUTRITION. AND PHYSIOLOGICAL INVESTIGATIONS 
(BPISAE—a-2—4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the influence of nutrients, moisture, and other 
physical factors, applied chemicals, and biological factors upon growth 
and development of the cotton plant, upon its adaptability and re- 
productive capacity and upon quality of products; and (2) determine 
the influence of these factors upon resistance to disease and upon pre- 
vention of deterioration in fiber and seed. Currently, emphasis is being 
placed on (1) investigation of seed viability in relation to precision 
machine planting, (2) a reexamination of efficiency of cultural prac- 
tices, and (3) the manner in which each practice influences fiber 
properties. 

B. CURRENTLY ACTIVE LINE PROJECTS 


a-2—4-3—Influence of environment and applied chemicals on com- 
position and germination behavior of cottonseed. To determine the 
extent to which desirable seed composition and viability may be im- 
proved through production and harvesting practices and how environ- 
ment and cultural control may modify varietal capacities for composi- 
tion and vitality of seed. 

a-2-4-12—-Growth and fruiting behavior of the cotton plant as in- 
fluenced by environment and applied chemicals. To advance knowl- 
edge concerning all physiological and chemical factors that may be 
utilized to improve cotton yields, quality of products, and economy of 
production. 

a~2-4-13—Influence of cultural practices and chemical treatment 
upon adaptability of cotton to mechanical production and harvesting. 
To determine the extent to which stand, fertilization, time of planting, 
irrigation, differential herbicides, insecticides, defoliants, and growth- 
regulating chemicals can be employed to better adapt cotton growth 
and fruiting behavior to mechanized production and harvesting. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Following the spread of the boll weevil, which came into the United 
States in 1892 and became serious in the Southeast about 1920, it 
became necessary to adapt varieties to earlier culture in the Southeast 
and to new and more arid areas as cotton culture expanded toward the 
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weevil-free Western States. Since then continued introduction of new 
strains has necessitated progressive revision of cultural procedures. 
During the 1920’s USDA workers developed the “single stalk” culture 
method of closely spaced planting to promote earlier fruiting and thus 
avoid weevil injury in the Southeast. Depletion of soils by continued 
cotton culture soon focused attention on deficiency complexes and upon 
plant diseases that became more severe when nutrient supplies were 
inadequate or unbalanced. Rapid expansion of the cottonseed crushing 
industry and attention to purity of planting seed in the early 1900’s 
lent emphasis to research on factors that affected both the viability of 
seed and the content of oil and protein. During World War II the 
USDA research did much to clarify the exact causes of variation in 
cottonseed composition. Perfection of fiber property measurements, 
coupled with clarification of the basic principles of fiber development 
in the late 1930’s (in cooperation with the North Carolina Experiment 
Station), opened the way for intensive studies of environmental effects 
on fiber quality. Within the last 10 years increased knowledge con- 
cerning irrigation, fertilizers, and plant populations has stimulated 
new research on production sntlaiie More recently the advance in 
use of agricultural chemicals (insecticides, herbicides, defoliants, 
growth regulators, etc.) coupled with the perfection of cotton produc- 
tion and harvesting machinery has caused a reexploration of many 
cultural procedures. 


D. FUNDS--ANNUAL EXPENDITURES 


Prior to 1934 cotton physiological research was conducted by sev- 
eral agencies and financed from funds covering several crops and 
many subject specialty fields. A very rough estimate is from $3,000 
to $25,000 annually, prior to 1934. Six thousand dollars was specifi- 
cally allocated in 1934 and 1935. From 1936 to 1941 the expendi- 
tures varied from $63,688 to $65,870. Funds were then gradually de- 
creased during the war years from $46,600 in 1942, to $12,160 in 1946. 
Allocations to this work increased again during the next 4 years to 
$40,089 in 1950. Despite the increasing complexity of cotton physio- 
logical problems during the postwar years and much higher costs 
of conducting research, the prewar allocations for these researches are 
much less than at the beginning of World War II. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Close spacing was found to increase earliness and retard excessive 
vegetative growth. This practice has become widely accepted and 
has greatly aided in reducing boll-weevil damage in the Southeast. 

Irrigation investigations over along period of years demonstrated 
that more frugal and economic use of water was possible if applica- 
tions were timed to promote deep rooting during preflowering stages, 
continuous growth during the fruiting period, and limited growth 
during the ripening period. “Crazy top,” a serious limit to produc- 
tion in the irrigated West, was controlled by adjusting time of irri- 
gation so that plants never suffered for water between applications. 

Recognition of nutrient requirements in relation to plant disease 
has led to increased production on some disease-infested soils. Re- 
placement of potash in Fusarium wilt-infested soils has permitted the 
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profitable use of locally adapted, improved varieties that are tolerant 
to this disease. 

Biochemical investigations of the nature of resistance to the Texas 
root rot disease have demonstrated a biochemical nature of resistance. 
No cultivated species of cotton was found to include any strains or 
selections with even partial resistance. Thus, breeding for resistance 
to this disease was shown to be impractical. 

Longevity of cottonseed.—Reduction of moisture content of seed 
to 12 percent or below during storage has been found essential for 
seed viability. 

Biochemical composition of cotton plants has been found an ac- 
curate indicator of certain functions. Defoliation efficiency was found 
to increase as the starch content of leaves decreased. Low oil content 
and high protein content of seed result from an inadequate potash 
supply to plants. 

abric protection research provided the basic information that was 
utilized extensively by military agencies during the past war. (This 
division conducted most of this work under project a—2-4, but since 


the results are primarily of pathological significance, they are reported 
under a—2-3.) 


F. SOME ADDITIONAL WORK NEEDED 


Investigations of preharvest procedures for preventing field deteri- 
oration of open cotton.—Preliminary results have demonstrated the 
value of properly timed defoliation in preventing boll diseases (tight- 
lock) as well as fiber determination. Investigations of this type 
should prove very valuable and should include studies of the use of 
fungicides alone or incorporated with insecticides and/or defoliants. 

Biochemical and biophysical influences on fiber properties and 
yields.—There is urgent need for exact methods for evaluating the 
influences of soil moisture, nutrient, and aerial environment limita- 
tions on fiber quality and productivity. Determining tissues and 
tests that can serve as reliable indicators of maximum efficiencies in the 
use of fertilizer, irrigation water, defoliants, and other practices would 


provide valuable guides for more precise production methods and 
lower costs. 


Farm Use or Improvep Seep Srocks, AND ONeE-Vartery Corron 
ComMuNItTY ORGANIZATION 


(BPISAE—a-2—5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Variety is the most important single factor in determining the fiber 
properties and spinning value of cotton. Variety is also a large con- 
tributor to yield of lint and seed. Strong omen from synthetic 
fibers, paper, and foreign cottons make it highly important thet do- 
mestic farmers keep in production only the best varieties plant breed- 
ers can develop. As a practical matter of getting the full benefit from 
the use of superior varieties having high yielding abilities and pro- 
ducing desired qualities of lint, work under this project is designed 
to help bring about and maintain community standardization upon 
a given variety along with a workable system of breeder seed increase 
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and distribution in order to avoid mongrelizing and crossing of vari- 
eties. In organized one-variety communities member growers agree 
to follow the latest improved methods of culture and care for their 
crop and to use improved seed. This helps insure high yield, uniform 
quality, lower production costs, increased net income, and helps fa- 
cilitate the marketing of large lots of uniform quality cotton. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-2-5-1—-Standardized one-variety community production in the 
Southeastern States. To improve the spinning nlheevibiciat and yield 
and increase the farm income from cotton produced in the South- 
eastern States, where many production units are small and fertility of 
the soil often depleted by numerous years of continuous row cropping, 
by planting superior high-yielding varieties in staginedions one- 
variety communities and ‘adoption of the latest improved methods of 
culture, harvesting, ginning, and marketing of the crop. 

a-2-5-2—Standardized one-variety community production in the 
Central Valley States. To improve the spinning performance and 
yield and increase the farm income from cotton produced in the Cen- 
tral Valley States, with special reference to the alluvial river bottoms 
of the Mississippi Valley. Here farmers are encouraged to plant su- 
perior high-yielding varieties in standardized one-variety communities 
and to adopt the latest improved methods of culture, harvesting, gin- 
ning, and marketing. 

a-2-5-3—Standardized one-variety community production in the 
Western States. To improve the spinning performance and yield and 
increase the farm income from cotton produced in the Western States, 
including the distinctive Blacklands area and the Plains where semi- 
arid conditions restrict growth and occasional extreme temperatures 
cause premature development of unadapted varieties, by encouraging 
farmers to plant superior adapted varieties in standardized one-var- 
iety communities and to adopt the latest improved methods of culture, 
harvesting, ginning, and marketing. 

a-2-5-4—-Standardized one- -variety community production in the 
irrigated Southwestern States. To improve the spinning performance 
and. yield and increase the farm income from cotton produced in the 
irrigated Southwestern States, where Acala strains have been specifi- 
cally adapted to local conditions such as the high, mountain valleys 
and the low, hot valleys where the soils are very productive, by en- 
couraging the planting of superior high-yielding varieties in standard- 
ized one-variety communities and the adoption « of the latest improved 
methods of culture, harvesting, ginning, and marketing of the crop. 

C. HISTORY AND EVOLUTION OF THE WORK 


The first publication outlining and recommending cotton improve- 
ment on a community basis was issued by the Bureau in 1911. In 
1920 cotton production made its initial start in the Coachella Valley 
of California under the direct guidance of this Bureau and while 
the volume of production was never great, the area has always pro- 
duced only one variety of cotton. 

In 1925 cotton production in the San Joaquin Valley of California 

was recognized as a new industry and on May 22 of that year the 
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State legislature at the request of leading producers and workers of 
the Bureau, passed the one-variety law naming the variety of cotton 
(Acala) to be grown in specified counties. Immediately following 
passage of the one-variety law, the Kern County Cottonseed Dis- 
tributors was created and at once established a working agreement with 
this Bureau which had research personnel stationed at Shafter. The 
Bureau was under agreement to breed and maintain the seed stocks and 
act in a supervisory capacity with the distributors regarding increase 
and distribution of Acala planting seed to California producers at 
as near actual cost as possible. This agreement has continued in suc- 
cessful operation for the past 25 years. Today California growers are 
sinus supplied with varietally pure planting seed at the lowest 
cost of any area in the cotton States. 

In 1931 a one-variety cotton improvement program was started in 
the old Cotton Belt States and by 1936 the experiment stations and 
extension services in practically all States in the area were working 
under cooperative agreement with this Bureau to undertake a joint im- 
provement program. Beginning with a small percentage of the 
acreage in 1931, the one-variety cotton improvement program has en- 
joyed a steady growth in the old belt. Benefits accrued not only to 
member growers, but as the program gained recognition and popu- 
larity growers who were nonmembers began to use the same superior 
varieties. This combined influence has contributed to improvement in 
the total crop. However, grower members have a distinct advantage 
by maintentance of a pure seed program and improved contacts for 
latest research information. 

Several plans for a successful seed program have been developed 
across the Eotton Belt. In the Southeastern States, county production 
units have been organized to supply planting seed to surrounding 
areas. In the Central Valley States organized communities use the 
1-10-100 plan of increase and distribution to satisfy their own re- 
quirements. The Texas Cotton Planting Seed Association, through 
contract growers, produce and distribute a considerable volume of 
seed. They supply seed of three varieties. The California plan is 
referred to above. This area has the advantage of high yields of prime 
seed and only one variety required. 

Participation in the varietal improvement program for the crop 
year 1949 was reported as 50 percent of the total acres planted to 
cotton. Twenty-four hundred communities representing 425,000 
growers reported 15,600,000 acres planted to the adopted varieties. 
Ninety-three percent of the 13.6 million acres was planted to only 
eight. varieties with one of these varieties accounting for approxi- 
mately 380 percent of the total acreage. 

As new and improved varieties are developed and proven for agro- 
nomic and spinning performance, the producers through cooperative 
work with the State extension agencies are advised of their superior 
values. This is a current and continuing responsibility for research 
and extension personnel working with agronomic and fiber values of 
cotton. 


D. FUNDS—ANNUAL EXPENDITURES 
Funds used to finance the one-variety project for years prior to 1930 


were not specifically allotted. It is difficult to make an estimate of 
the amount expended, but it was relatively small. For the period 1930 
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to 1934 the average annual expenditure was about $35,000. Between 
1935 and 1939 the expenditure ranged from $26,000 to $40,000. Dur- 
ing the 10-year period 1940 to 1949, inclusive, the average annual allot- 
ments approximated $90,000 with $83,730 allocated for fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In the following examples several factors contribute to the accom- 
plishments cited. However, breeding and community utilization of 
superior varieties are unmistakably the major items producing the 
added value. 

Value increases of $12.50 per bale to producers in south Mississippi 
during the period 1931-36 is recognized as a direct effect of a one- 
variety improvement program initiated under this project and con- 
ducted jointly with the State extension service. In 1931 when the 
program was begun, the local cotton was short, nonuniform, and often 
difficult to sell. Producers in the territory getting a price of 150 
points off were topping the market. A large percentage of producers 
in this local area accepted the same variety. By 1936 the growth had 
changed from very short to a staple length of 1 inch plus and the 
going price in the local market was 100 points on. Growers in this 
area had not only improved their local market structure by $12.50 
a bale but had the added advantage of increased yields and other added 
values on account of the wide acceptance of an improved variety as 
well as a plan for maintaining planting seed. 

Before this program was Gaeas cotton was rarely sold except by 
submission of actual samples to the buyer. However, after the same 
variety was widely grown in the area many transactions were made 
by grade description because the uniformity of staple could be ac- 
cepted by the buyer. This situation became quite general in many 
localities where serious effort toward varietal improvement was under- 
taken. Then, too, many cotton merchants were informing themselves 
as to where growers were improving their cotton and would alert their 
local buyers to become active in those markets. 

Two hundred and sixty million dollars added to the crops of 1938 
to 1945, inclusive, by the one-variety program.—State personnel co- 
operating with the one-variety program in the old belt have estimated 
an additional value to growers from increased lint and quality by the 
use of improved varieties and good seed stocks for the period 1938-45, 
inclusive, to be $260,000,000. This was the period where improve- 
ment was the most rapid with yield and quality differences significant 
between member and nonmember growers. 

Staple length of United States crop changed from 74 percent shorter 
than Linch to 72 percent 1 inch and longer in approximately 15 years.— 
These figures express the difference by comparison of the average 
growth of the crops of 1929-33 with average crops for the years 
1945-49. This change in the staple length of the entire United States 
crop represents an enormous money value and is reflected to the pro- 
ducers in increased income and to the textile industry in improvement 
in een: The period covered by this major improvement in fiber 
quality coincides significantly with the development of the one-variety 


program supported under this project and by cooperating State 
agencies. 
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One and a quarter million bales of varietally pure Acala 4-42 pro- 
duced in the San Joaquin Valley in 1949, can be credited to a consider- 
able degree to activities under this project. The largest cotton mer- 
chant in the world has described Acala 442 as one of the outstand- 
ing cottons of the world grown under irrigation. Without a work- 
ing agreement such as exists between this Bureau and the California 
Planting Cotton Seed Distributors, an organization created and in- 
corporated to increase and distribute cotton planting seed bred and 
maintained by this Bureau without profit, it is doubtful if this new 
and superior strain could have been disseminated to the entire valley 
in so shortatime. The cost of breeding, improving, and distributing 
seed of this new cotton has been negligible in comparison to the finan- 
cial returns to growers and the benefits to the textile industry on 
account of improved quality. 


F. SOME ADDITIONAL WORK NEEDED 


Procedure to have available for the textile industry sustained sup- 
plies of varietally pure cotton.—In view of biological, engineering, 
and fiber technology developed in the last decade, the production and 
consumption of raw cotton is entering a new era. Varieties with 
greatly improved fiber properties are now in the process of develop- 
ment and adoption. Without a well defined seed increase program 
and a distribution system organized to deliver large lots of these new 
cottons varietally pure to the spinner, maximum benefits will not be 
achieved. The one-variety program with refinements such as bale 
identification with its necessary safeguards is an effective method of 
doing this on an industry-wide basis. 


Eva.tuaTe Mernops aNp EQuIPMENT AND EstasuisH Facriittes FoR 
DrrTERMINING OF FIBER AND SPINNING Properties oF Corton EarRLy 
IN THE Breepine Program To Expeprre tHe DeveLormenr or Im- 
PROVED V ARIETIES 


(BPISAE—RM: b—526—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF THE WORK 


To (1) evaluate methods and equipment and establish facilities for 
the determination of fiber and spinning properties of cotton early in 
the breeding program, and (2) expedite the development of improved 
varieties. The current work is chiefly concerned with the development 
of small-scale spinning tests which will enable the breeders to test their 
outstanding lines in the progeny row stage. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-526-1—Development of small-scale spinning tests. To de- 
velop and standardize spinning procedures using small-scale equip- 
ment and to develop appropriate sampling procedures and testing cake 
niques for evaluating the spinning performance of small lots of cotton. 

M : b-526-2—Early evaluation of breeders material. To obtain 
by means of small-scale spinning tests an early evaluation of the spin- 
ning performance of progenies developed in the breeding program. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Small-scale spinning techniques using less than 1 pound of cotton 
have been developed in Great Britain, Egypt, and India, but have not 
been previously used in this country. Spinning tests developed by 
PMA may be made on a minimum of 2 pounds of lint, but are usually 
run on 5 pounds. This means that breeders must wait 2 years from 
an original selection before it is possible to subject the cotton to spin- 
ning tests. With small-scale spinning techniques it is possible to 
obtain a spinning evaluation of any cotton the first year after selection. 

This project was approved in August 1949, and following this a trip 
was made to England to study small-scale spinning in operation. The 
first year’s funds were used chiefly to buy equipment to set up the 
laboratory. 

D. FUNDS—ANNUAL EXPENDITURES 


During the first year, 1950, $25,000 was expended on this project. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The project has not been in operation long enough to have any out- 
standing accomplishments. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of environmental effect on fiber properties by the use of 
small-scale spinning tests.—It has not been possible to make many 
basic scientific studies on the effect of environment on the spinning 


performance of cotton. The expense of having controlled samples 
of a large enough magnitude plus the expense of the spinning tests 
have made these studies prohibitive. With small-scale techniques such 
basic studies could be pursued without undue expense and should 
be of fundamental importance in understanding the effect that differ- 
ent environmental factors and combinations of factors have on 
spinning performance. Other additional research on this project 
should await further developments in the work that has just begun. 

(For work in cooperation with States on regional projects S-1 and 
S-2, see ch. 39.) 

Bort Weevit INVESTIGATIONS 


(BEPQ—I-f-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods for the control of the boll weevil, which is the 
most important insect that affects the cotton crop in the United 
States. This pest often reduces the crop by 7 to 10 percent. In cer- 
tain years in some States it has reduced yields from 25 to 45 percent, 
and on many farms the yields have been reduced from 75 to 95 per- 
cent. Emphasis is currently being placed on the development of new 
toxicants that show promise of being effective against this pest, partic- 
ularly on determining the proper time of application, intervals 
between applications, and minimum concentrations of insecticides 
required for control at different stages of cotton growth, proper dust 
or spray formulations, and proper methods of application. The rela- 
tionship of boll weevil control to the populations of other insects is 
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being studied as are methods of boll weevil controls which will not 
result in an increase of other injurious pests or which will control 
them simultaneously with the boll weevil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-f-1-1—Survey of boll weevil distribution, abundance, and dam- 
age. To survey boll weevil populations in the field and to correlate 
and interpret such data in relation to climatic conditions which might 
be helpful in predicting boll weevil outbreaks, then to provide 
timely information to farmers, county agents, extension entomolo- 
gists, the insecticide industry, and the public, regarding the current 
status of the boll weevil as an aid in planning control programs and 
the orderly distribution of insecticides. 

I-f-1-2—Early fall cutting of cotton stalks for boll weevil control. 
To determine the extent that early fall cutting of cotton stalks results 
in lowered boll weevil populations and subsequently Jess injury in 
cotton fields during the following year, and to study this method in 
relation to other agronomic practices which might result in increased 
cotton yields. 

I—f-1-3—Chemical defoliation of cotton for boll weevil control. To 
determine in different areas the extent that chemical defoliation of 
cotton in the fall reduces boll weevil injury to the succeeding cotton 
crop and the relationship of this practice to the mechanical harvest- 
ing and over-all economy in cotton production. 

I—f-1—5—Insecticide tests in field plots. To make comparative tests 
under field conditions in four States of promising insecticides or 
combinations of insecticides in an effort to determine those which will 
provide the most practical and economical boll weevil control. 

I-f-1-6—Conservation and soil-improving practices, including 
strip farming, and their effects on boll weevil damage. To determine 
the extent to which conservation and soil-improving practices influence 
boll weevil abundance and damage. 

I-f-1-7—Hibernation and survival in cages and under natural con- 
ditions in woods trash. To ascertain the comparative survival of boll 
weevils in cages and in nature and to correlate this with climatic 
conditions to provide information in March, April, and May regarding 
the probable boll weevil outlook for any given year in the counties 
where the studies are made. 

I-f-1-8—Chemical and physical qualities of insecticides, and their 
effect on toxicity to insects and plants. To develop insecticides pos- 
sessing a high degree of toxic action against the boll weevil and other 
insects, with desirable physical qualities for ease of application either 
as dusts or as sprays. The insecticides must not cause injury to the 
cotton plant, and with ordinary precautions must not be detrimental 
to the health of man or to livesteck. 

I-f-1-9—Comparative losses caused by the boll weevil. To deter- 
mine the comparative reduction from full yield caused by the boll 
weevil in various locations, and under different climatic conditions, 
from year to year and to correlate these losses with gains that result 
from approved practices used for boll weevil control. 

I-f—1-10—Combination insecticides for control of boll weevil and 
other insects at the same time. To develop a combination of insecti- 
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cides that will at the same time effectively and economically control 
all cotton insects and mites. 

I-f—1-11—-Varietal resistance to boll weevil damage. To assist 
plant breeders to develop highly productive varieties of cotton with 
characteristics which are unfavorable to boll weevil attack by extensive 
testing of available varieties of cotton against boll weevil infestation. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


The boll weevil, a Mexican inseet, was discovered in the United 
States in 1892 near Brownsville, Tex. It was called to the attention 
of the Department of Agriculture in 1894 and entomologists were 
sent to the infested area to investigate it that year. Studies made 
during 1894 and 1895 revealed the seriousness of the situation and in 
1896 Congress made a special appropriation to provide for more 
intensive investigations. Department entomologists that year recom- 
mended the establishment of a noncotton zone in south Texas to pre- 
vent its further spread but this was thought inadvisable by the State 
concerned, All investigations on the boll weevil from 1897 to 1900 
were conducted by the State of Texas. The boll weevil continued to 
spread in the United States and in 1901 Texas again requested as- 
sistance from the Department in combating it. Department ento- 
mologists have been actively studying the problem since that time. A 
research laboratory was established at Victoria, Tex., in 1902. In- 
tensive studies were made during the next 10 years on the biology 
and control of the boll weevil as it continued to spread northward and 
sastward. It was soon discovered that early fall destruction of cotton 
stalks and the use of chain cultivators to drag punctured squares from 
under the shade of the plants and deposit them in the center of the 
row exposed to the sun, afforded some control. A laboratory was 
established at Tallulah, La., in 1909 and it was there that the use of 
calcium arsenate dust for boll weevil control was developed and re- 
leased in 1916. This insecticide became the standard for boll weevil 
control from 1918 until 1947 and in 1950 is still used extensively. 
Serious drawbacks to its use included an increase in cotton aphids 
that often cause serious damages following successive applications, in- 
jury to light, sandy soils after several applications, and at times an 
increase in bollworm damage. Following World War II several chem- 
icals were developed that are highly effective against the boll weevil 
and at least four of them are now being widely used for boll weevil 
control. Experiments are being continued with these and other new 
insecticides in an effort to find one or more that will effectively and 
economically control the boll weevil, as well as associated insects. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first Federal appropriation for boll weevil investigations was 
$2,000 in 1896. From 1897 to 1900, inclusive, no Federal funds were 
appropriated, and from 1901 to 1903, $2,000 was appropriated annu- 
ally. From 1904 to 1922 the average annual expenditure was $40,791, 
ranging from $10,145 in 1909 to $84,282 in 1922. The average from 
1923 to 1932 was $154,473, and from 1933 to 1950, $48,340. In 1950 
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$44,000 was spent on boll weevil investigations. The total amount 
spent by the Federal Government on boll weevil investigations during 
the 58 years since this pest entered the United States amounts to 
$3,207,897. This compares with a conservative estimate of $200,000,- 
000 average loss caused to the cotton crop by this insect each year dur- 
ing the past 50 years. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Biological studies provide basis for control.—The extensive study of 
the life history, habits, and ecology of the boll weevil is an outstand- 
ing accomplishment and is the basis for all control practices devel- 
oped for use against the boll weevil. 

Stalk-destruction method developed for weevil control_—The dis- 
covery that the early fall destruction of the cotton stalks is an effective 
and practical method of reducing the boll weevil from cottonfields the 
ae spring has for many years been of great value in boll weevil 
control. 

Development of certain cultural and other farm practices that aid 
greatly in cotton production in spite of heavy boll weevil infestation.— 
The following practices have been found to be highly beneficial to 
cotton farmers: (1) Early planting of rapid-fruiting, early-maturing, 
high-yielding varieties of cotton; (2) close spacing of rows and of 
the cotton plants; (3) the proper soil preparation for best results in 
getting early stands and rapid growth in each area; (4) the use of 
fertilizers in many areas; and (5) frequent shallow cultivation. 

Hibernation quarters of weevil discovered—The discovery that 
weevils pass the winter successfully under leaves and trash in woods 
adjacent to cotton fields is a material aid in the fight against the 
boll weevil. This research indicated how to select fields to avoid heavy 
weevil injury, as well as the value of winter cleanup of favorable 
hibernating quarters to reduce weevil populations the following 
spring. 

"“Naterel control factors found to prevent weevil damage during 
certain seasons.—High summer and low winter temperatures, several 
dozen species of parasitic and predacious insects, and other natural 
factors, were demonstrated to reduce weevil populations gréatly in 
many areas. 

Calcium arsenate developed as boll weevil killer —The development 
of calcium arsenate as an insecticide for the control of the boll weevil 
kept cotton production profitable and kept alive the South’s major 
source of income—the production of cotton—at a time when in many 
en crop was threatened with extinction because of the boll 
weevil. 

First use of airplanes for boll weevil control—The first practical 
use of aircraft for insect-control purposes was accomplished at 
Tallulah, La., in 1922. Cotton dusting by airplane has been a major 
commercial industry for nearly 25 years, and this is based directly 
on developments made in early cotton insect-control investigations. 

Dusting equipment developed for boll weevil control_—The develop- 
ment of ground and airplane dusting equipment for the application 
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of insecticides for boll-weevil control has aided the development of 

Hibernation quarters of weevil discovered—The discovery that 

All-purpose cotton insecticides developed—Combinations of two 
or more insecticides to control boll weevil, cotton aphid, and boll- 
worm simultaneously contribute greatly to lowering the cost of cotton 
production and improving its quality at a time when competition 
from foreign countries and the development of synthetic fibers seri- 
ously threatened the industry in the United States. 

Insecticides discovered that kill weevils inside cotton squares.— 
The discovery that a new organic insecticide kills boll weevils develop- 
ing inside of punctured cotton squares opens up an entirely new ap- 
proach to cotton-insect control. Plant tissues absorb this insecti- 
cide and kills insects developing within these tissues. The economic 
value of this discovery has not yet been fully determined. (Labora- 
tory tests of such chemicals are now conducted under RM: b-43, 
p. 778 of this chapter.) 


F. SOME ADDITIONAL WORK NEEDED 


Boll-weevil-control investigations should be conducted in all im- 
portant cotton-growing areas where this insect is a serious pest.— 
The boll weevil is nearly always a serious pest in 11 or 12 of the 
leading cotton-growing States. At times it reaches the cotton- 
growing areas of four other States. It is important to have ade- 
quate knowledge of the boll weevil and its control in all areas of 
the country and under all kinds of conditions where it occurs. 

New insecticides—Tests with promising new chemicals must be 
continued to develop more effective, economical, and safe insecti- 
cides than those now available for boll-weevil control. Additional 
small-plot and large-scale field tests are needed. New chemicals that 
show promise of effectively controlling the boll weevil must be eval- 
uated so that farmers can be advised concerning the relative merits 
of the different materials available to them and given the choice of 
the cheapest, most effective means of control. 

Coverage on boll-weevil hibernation, survival, and emergence sur- 
veys should be more adequate.—Studies on these subjects have been 
conducted chiefly at two field laboratories, one in South Carolina, 
and the other in Louisiana. The farmers, county agents, and the 
cotton and insecticide industries in all the States where the weevil 
occurs demand information about prospective boll weevil survival 
and emergence as soon as possible. These studies should be conducted 
in many areas, including at least one locality in each of the 12 impor- 
tant cotton-growing States where the boll weevil occurs. 

Boll-weevil studies needed in relation to new cultural and agronomic 
practices.—Research is continuously bringing about changes and im- 
provements in the cultural and agronomic practices related to cotton 
production. Some of these changes undoubteahy affect the boll- 
weevil populations and the amount of damage caused by this insect. 
Studies must be conducted to determine how the effective control of the 
boll weevil is obtained by changes or improvements in mechanization 
and of new varieties of cotton, rotation, and soil-conservation prac- 


tices, chemical defoliation of cotton, and the early fall destruction of 
the cotton stalks. 
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Bottworm INVESTIGATIONS 


(BEPQ—I-f-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods for the control of the bollworm. This insect 
sometimes causes losses of from 25 to 75 percent of the crop over wide 
areas. Work currently in progress is designed primarily to deter- 
mine which of the newer insecticides are effective against this insect, 
proper concentrations, formulations, and rates of application, and 
proper timing of applications of these. Control measures used against 
other cotton insects, particularly the boll weevil, often reduce the 
natural enemies of the bollworm, which greatly aggravates the situa- 
tion; therefore research is also conducted to determine this relation- 
ship. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-f-2-1—Alternate host plants of the bollworm and their relation 
to infestations of cotton. To determine the various alternate host 
plants of the bollworm, their seasonal and geographical distribution 
throughout the Cotton Belt, and the relation they may have to the 
damage caused to cotton by the bollworm. 

I-f-2-2—-Strip cropping and conservation practices—relation of in- 
creased use on bollworm damage to cotton. To determine the effects 
that strip cropping and other soil-conservation practices have on 
the amount of damage caused to cotton by the bollworm. 

I-f-2-4—Insecticide tests in plots or fields for bollworm control. 
To develop practical and economical insecticides for the control of 
the bollworm on cotton. 

I-f-2-5—Timing insecticide applications for use by farmers. To 
develop practical methods which can be used by farmers in determin- 
ing when to begin applying insecticides for the control of the boll- 
worm. 

I-f—2-6—Ecological factors which contribute to control and which 
influence winter survival and time of emergence. To determine the 
relative importance of various ecological factors on winter survival, 
time of emergence, and control of the bollworm. 

I-f-2-7—Natural enemies, their importance and effect on the boll- 
worm and their relation to aphid build-up and the use of insecticides. 
To determine the extent to which native parasites and predators at- 
tack the bollworm ; to determine the extent to which insecticides affect 
the parasites and predators, either by killing them off or by inducing 
aphids or other insects on which the parasites and predators may 
center their attack instead of on the bollworm. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The earliest record of the occurrence of the bollworm as a pest of 
cotton in the United States was in 1820. By 1841 it was one of two 
insects then considered serious pests of the cotton crop. It still 
causes serious injury to cotton in some areas of the Cotton Belt each 
year. The bollworm is practically world-wide in distribution, and it 
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attacks a wide variety of host plants, in addition to cotton. There 
are from four to six generations of this insect annually in the South. 
Usually the second and third generations occur on corn but as this 
crop matures the moths deposit their eggs on cotton. It is usually 
the fourth and fifth generations that cause serious injury to cotton. 
Early research on the control of this pest, first started in the De- 
partment in 1878, largely concerned cultural practices, since life- 
history studies indicated that cultural methods of control might be 
practical. Other control measures studied at this time included the 
use of sweetened baits, light traps, trap crops, early planting, and 
“topping” the cotton plants. Early research on chemical control in- 
cluded paris green, london purple, and arsenate of lead. Paris green 
was recommended as a control measure as early as 1905. With the dis- 
covery of the effectiveness of calcium arsenate and its development as 
an insecticide against the boll weevil, tests were made to determine 
the effectiveness of this chemical for bollworm control. Hundreds of 
other chemicals were tested against the bollworm during this period 
but only a few showed any promise. When the remarkable insecticidal 
qualities of DDT were discovered and this material became avail- 
able in sufficient quantities in this country for experimental use in 
1944, studies were made of its effectiveness against the bollworm. 
Many other organic chemicals have been tested against the bollworm 
since and some of the new ones now under investigation show promise 
of being even more effective and more economical for farmer use 
than any yet used. 


D. FUNDS—-ANNUAL EXPENDITURES 


No direct funds were available for bollworm research until 1922. 
As early as 1878, small amounts were made available for research on 
cotton insects; about $500 was directed to bollworm that year. From 
1904 until 1910, about $7,500 was used annually for research on this 
pest from funds available for cotton insect research. Federal funds 
directed to bollworm research were from $700 in 1924 to $20,000 in 
1932, and have averaged about $10,800. The amount spent during 
1950 was $15,876. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Cultural control methods developed for bollworm control.—The de- 
velopment of cultural methods of control as a result of early research 
on this insect kept the cotton industry alive in the late 1800’s and did 
much to make the production of cotton profitable. These researches 
today are the basis for many recommended farming practices which 
help keep the bollworm in check. 

Use of arsenicals discovered for bollworm control.—The discovery 
in the early 1900’s that paris green could be used effectively to supple- 
ment cultural methods of bollworm control, combined with the later 
discovery in the 1920's of the value of calcium arsenate for the control 
of this insect were notable research achievements. 

Value of DPT for bollworm control discovered.—This, and the de- 
velopment of combinaticn insecticides for the simultaneous control of 
the boll weevil, bollworm, cotton aphid, and red spider mite, mark the 
greatest single advance made thus far in the effective and economical 
control of the bollworm and other cotton pests. 
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F. SOME ADDITIONAL WORK NEEDED 


All species of bollworms need to be studied.—In the light of the re- 
cent discovery that the insect commonly known as the tobacco budworm 
is probably of more actual importance as a destroyer of squares and 
bolls than the bollworm, particularly in the Southeastern States, and 
that certain other species of insects contribute greatly to the total 
amount of bollworm damage, additional research is urgently needed 
on the seasonal and geographical distribution and abundance, host 
plant relationships, and control of these pests. 

Since bollworms are the most difficult of all cotton pests to control 
and since effective control is dependent on timeliness of application 
of insecticides, additional research is needed with particular emphasis 
on this point for each of the species of so-called bollworms. 

Additional research is urgently needed to determine complexities 
which occur when the control of one or more insects create conditions. 
favorable for the rapid increase and subsequent injury by other possi- 
bly more serious pests. The application of insecticides for the control 
of the boll weevil and other cotton pests often aggravates the boll- 
worm problem by destroying its predators and parasites. An aphid 
outbreak results which attracts moths to cotton plants to feed on 
“honeydew” secreted by the aphids. This condition is aggravated by 
widespread use of certain of the new organic insecticides. 

Search should be continued under this and related projects for an 
insecticide, or a combination of insecticides, that will effectively and 
economically control all cotton insect pests without creating other 
hazards. 


Pink Botuworm INVESTIGATIONS 
(BEPQ—I-f-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of these investigations is to develop methods for the 
control of the pink bollworm. This insect is by far the most devas- 
tating cotton pest now known where it occurs. It destroys fully 60 
percent of the cotton crop in some areas of the world. Current work 
is concerned primarily with determining (1) the effects of such cul- 
tural practices as (a) early planting, (6) early fall destruction of 
cotton stalks, (¢) early chemical defoliation of cotton, (d) fall and 
winter plowing, (e) irrigation, and (f) the use of new and improved 
varieties of cotton on the pink bollworm population and subsequent 
injury caused by it to the cotton crop; with (2) laboratory and field 
tests using various insecticides and combinations of insecticides to find 
those that are highly effective and economical for use in pink bollworm 
control; and (3) with hibernation experiments at various locations in 
the infested territory to study the effect of winter temperatures and 
other ecological factors on the pink bollworm under various conditions 
of hibernation, such as (a) direct exposure on the plants under field 
conditions, as (6) debris left on the surface of the soil, (c) in bolls 
buried at different depths in the soil and not irrigated, and (d) in bolls 


— at different depths in the soil and irrigated at different inter- 
vals. 





764 AGRICULTURAL RESE'ARCH AND RELATED SERVICES 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-f-3—1—Insecticides for pink bollworm control. To find the most 
effective insecticides for practical use in pink bollworm control; to 
obtain information on the formulation, interval of application, rate of 
application, time of application, and method of application for maxi- 
mum results with each insecticide. 

I-f-3-2—Natural enemies of the pink bollworm. Establish natural 
enemies of the pink bollworm in the areas where this insect occurs in 
the hope that some increase in degree of natural control will result; 
determine the native parasites and predators of the pink bollworm and 
develop or increase their numbers and effectiveness. 

I-f-3-3—-Plowing, irrigation, and other cultural practices for in- 
creasing the mortality of hibernating pink bollworms. To determine 
the effective cultural practices for reducing pink bollworm carry-over 
from one crop season to the next. 

I-f-3-4—Susceptibility of different varieties of cotton to pink boll- 
worm attack. To find the varieties of cotton most suitable for grow- 
ing under pink bollworm conditions wherever this insect occurs. 

I-f-3-5—Cultural practices, including spacing used by farmers, and 
their relation to pink bollworm population and damage. ‘To deter- 
mine the effects of spacing and other cultural practices used by the 
farmers on pink bollworm abundance. 

I-f-3-6—Investigations to determine the number of pink bollworms 
hibernating in the crop debris and soil, and the factors influencing 
their abundance. ‘To determine the number of pink bollworms hiber- 
nating in the crop residue and in free cocoons in the soil as well as the 
winter survival in the two types of material. 

I-f-38—7—Seasonal abundance and distribution of the pink boll- 
worm as indicated by bloom, boll, and gin-trash inspections. To de- 
termine the seasonal status of the pink bollworm infestation. 

I-f-3-8—Field clean-up: Investigations of the date and method of 
clean-up and the number of pink bollworms remaining in the fields. 
Zo determine the most effective dates and methods of cleaning up the 
nelds for reducing the carry-over of pink bollworm from one crop 
season to the next in each region where this insect occurs. 

.—{-3-9—Hibernation, winter survival, and time of moth emergence 
under different climatic conditions. To study the effects of environ- 
ment and seasonal conditions on pink bollworm survival and time of 
moth emergence. 

I-f-3-10—Alternate host plants of the pink bollworm and their 
importance in the perpetuation and spread of this insect. To deter- 
mine the importance of secondary host plants in perpetuating the pink 
bollworm. 

I-f-3-11—Chemical defoliation of cotton as a means of reducing 
oink bollworm population. To study the effectiveness of chemical 
defoliation as a means of suppressing the pink bollworm. 

I—f-3-12—Chemical control of overwintering larvae in crop debris 
and soil. To test the value of various chemicals in reducing the over- 
wintering pink bollworm populations. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The pink bollworm was introduced onto the American Continent 
presumably through cotton seed shipped from Egypt to Mexico in 
1911. This seed was first planted in the vicinity of Monterey, Mexico, 
and seed from this planting, presumably infested with pink bollworms, 
was taken to the Laguna district of north central Mexico for fur- 
ther plantings. The pink bollworm was first actually identified from 
cotton grown from these seed in the Laguna district in 1916. This dis- 
covery caused great alarm on the part of both Mexican and United 
States officials because the insect was known to be a very serious pest 
of cotton in Egypt and in India. It was first diseovered in the United 
States in the vicinity of Hearne, Beaumont, and Anahuac, Tex., in 
1917. Late in the following year it was found in the cotton-producing 
areas of the Big Bend and in the Pecos Valley. Following the 1917 
discovery of this insect in the United States, the need for immediate 
research was recognized by the Department and a research laboratory 
was established in cooperation with the Mexican Government near 
San Pedro in the Laguna district, Mexico. Investigations on the life 
history and habits of this insect, cultural and insecticidal methods of 
its control, its host-plant relationship, and the possibility of control 
by natural enemies were conducted at this laboratory until 1927. The 
research work of the Department on the pink bollworm was trans- 
ferred from Mexico to the United States with headquarters at El Paso, 
Tex., in 1927, and at Presidio, Tex., in 1933, where investigations on 
life history, habits, cultural and insecticidal control, varietal resist- 
ance, and control by native and introduced parasites have been con- 
ducted. Part of the research work was transferred to the lower Rio 
Grande Valley in 1939 and present headquarters for research are at 
Brownsville, Tex. Through the efforts of the Federal Horticultural 
Board up to 1926, and the Bureau of Entomology and Plant Quaran- 
tine since that time, the spread of this insect to the main cotton- 
producing areas has been held in check. Infestations have been found 
in isolated areas of Louisiana, Florida, Georgia, Oklahoma, New Mex- 
ico, and Arizona, and it has spread to several other areas in Texas, but 
these infestations were eradicated through control operations devel- 
oped as a result of research. The pink bollworm is known now to 
occur in the United States only in limited areas in Texas and New 
Mexico, and on wild cotton in the southern part of Florida. 


D. FUNDS—-ANNUAL EXPENDITURES 


From the beginning of this work in 1917 until July 1, 1927, all 
research work on the pink boliworm was carried on from funds allo- 
cated to the Federal] Horticultural Board for control purposes. Only 
a very small percentage of these funds was spent on research, and the 
breakdown in expenditures, separating research from control during 
this period, is not available. During 1927, 1928, and 1929, appropri- 
ations for pink bollworm research were $4,800, $5,000, and $19,370. 
From 1930 to 1945, expenditures ranged from $25,286 (in 1934) to 
$47,603 (in 1932). From 1946 to 1949, expenditures ranged from 
$41,000 to $64,181. Expenditures during 1950 were $47,350. 





766 AGRICULTURAL RESEARCH AND RELATED SERVICES 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Spread of pink bollworm prevented through knowledge gained in 
research.—As a result of information obtained through research, it 
has been possible thus far to prevent the spread of the pink bollworm 
to most of the cotton-producing areas of the United States and to 
eradicate it from certain areas in Arizona, Florida, Georgia, Louisiana, 
Oklahoma, and Texas before it became firmly established. 

Insecticidal control developed for economical practice in areas of 
heavy infestations—-A combination insecticide containing several 
chemicals is bemg successfully used for the simultaneous control of 
pink bollworm, boll weevil, cotton aphid, bollworm, and red spider 
mite. 

Cultural practices developed for pink bollworm control.—It was 
shown that early destruction of cotton stalks in the fall followed by 
thorough field clean-up, early planting of early-fruiting, quick-matur- 
ing varieties of cotton, and proper timing of irrigation had marked 
effect on pink bollworm infestation. These findings have been impor- 
tant advances in eradication and control plans made in the Federal- 
State pink bollworm control programs. 


F. SOME ADDITIONAL WORK NEEDED 


Search for more effective insecticide.—An insecticide or a combina- 
tion of insecticides possessing preeter toxic action against the pink 
bollworm than DDT is needed. Only through additional research 


will this be found. With the many available organic chemicals pos- 


sessing insecticidal qualities, it is probable that one may be found 
that is highly effective and which will give economical control of the 
pink bollworm. 

Develop and improve cultural practices.—It is important that addi- 
tional investigations be made of the pink bollworm in relation to 
cultural and other agronomic practices, the introduction af new varie- 
ties of cotton, rotation and soil-conservation practices, mechanical 
cultivation and harvesting, and the early fall destruction of cotton 
stalks. Cultural control is nearly always more economical than insec- 
ticidal control. Research thus far has indicated that cultural practices 
go a long way toward controlling the pink bollworm. Research on 
additional cultural practices might prove to be highly profitable. 

Biological studies——When the pink bollworm spreads to new areas 
it is important to study it in each new environment to determine its 
life history and habits, where and how it survives the winters, its host 
plants, and its natural enemies. 


Corton ApHuip INVESTIGATIONS 


(BEPQ—I-f4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop economical methods of controlling the cotton aphid 
in cotton fields. This aphid is one of several insect pests that mate- 
rially reduce yield and quality of cotton. The cotton aphid problem 
is usually aggravated by insecticide applications made for boll weevil 
and bollworm control. Current work under this project, along wit!) 
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work under related projects, is directed primarily toward the develop- 
ment of a combination of insecticides for the simultaneous control of 
the cotton aphid along with the boll weevil and other cotton insect 
pests. Seasonal and geographical surveys are conducted to determine 
distribution and abundance of the different species of aphids which 
attack cotton. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I~f-4-1—Damage caused by different degrees of aphid infestation 
to the yield, grade, and staple of cotton. To determine the compara- 
tive relationship between varying degrees of aphid infestation and 
reduction in cotton yield, the effect on grade and staple length of cot- 
ton, and the spinning qualities of lint cotton. 

I-f-4—-2— Host relaetdahlipe of cotton aphids. To determine the 
ao of aphids which cause damage to cotton and their various host 
plants and the possible relationship of these plants to aphid infesta- 
tions on cotton. 

I-f-4—3—Causes of aphid increase on cotton following the use of 
insecticides. To determine the exact role that various insecticides have 
in increasing aphid populations on cotton when these insecticides are 
applied to control other cotton insects. 

L-£-4-4 Chemical and physical properties of insecticides and their 
effect on aphid populations. To develop an insecticide for weevil and 
bollworm control with chemical and physical properties which will 
not build up aphid populations. 

I-f4—5— Insecticidal control of aphids, including combinations of 


insecticides to prevent aphid build-up. To ey. an insecticide or 


a combination of insecticides which will not cause a build-up in aphids 
when applied to cotton for the control of other insects. 

I-f-4-7—Ecological factors and cultural practices that influence 
aphid abundance. To determine the extent to which certain ecological 
factors and cultural practices influence aphid damage. 

I-f-4-8—Varietal differences, and selection and breeding of strains 
of cotton that are immune or tolerant to aphid attack. To determine 
the extent to which varietal differences affect aphid susceptibility and 
to develop strains of cotton which are resistant to attack by aphids. 

I-f-4-10—Investigations of root aphids injurious to cotton. To 
develop practical methods of controlling the root aphids which attack 
cotton; to determine their host plant relationships, particularly with 
regard to injury following winter cover crops; and to determine their 
economic status more accurately. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The cotton aphid has been a pest of cotton in the United States since 
1854. Not much research was done on cotton aphid control in early 
years, although aphids have been recorded as pests of cotton for 96 
years. Natural enemies, such as ladybird beetles, aphis lions, syrphid 
flies, and wasplike parasites, usually kept aphid populations in check. 
Very shortly after calcium arsenate came into wide use for the control 
of the boll weevil in the 1920’s, it was noted that aphids often infested 
dusted plants in enormous numbers. Sometimes the aphids caused 
greater injury to the crop than the boll weevils against which the cal- 
cium arsenate was applied. They secrete a honeydew that stains the 
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open lint and also reduces tensile strength, and makes cotton difficult 
to pick. Studies in Louisiana in 1921 showed that nicotine sulfate 
could be used for aphid control. Every insecticide that showed 
promise of aphid control since 1921 has been tested. Research thus 
far has shown that new organic insecticides are much more selective 
in their action against insects than arsenicals and other older inorganic 
insecticides. Some of these new materials hold great promise in the 
control of the cotton aphid. 


D. FUNDS—-ANNUAL EXPENDITURES 


Prior to the 1920’s the amount spent on cotton-aphid research prob- 
ably averaged less than $1,000 per year; from 1920 to 1925, less than 
$2,000. These funds were from appropriations for research on miscel- 
laneous cotton insects. During the 15-year period, 1926-40, the average 
expenditure was probably about $10,000; from 1941 to 1950 the average 
was $24,500. The 1950 expenditure was $31,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Calcium arsenate and DDT determined as causes of aphid build- 
up.—The use of calcium arsenate for boll-weevil control and of DDT 
for bollworm and pink bollworm control killed off natural enemies of 
aphids and resulted in damaging outbreaks of aphids in treated fields. 
This discovery made it possible to anticipate these outbreaks and to 
prevent their occurrence. 

Calcium arsenate-nicotine sulfate combination proved to be “knock- 
out” insecticide —The research which indicated the effectiveness of 
this combination insecticide for the simultaneous control of boll weevil 
and cotton aphid placed it among the earliest “all purpose” insecti- 
cides. 

Cotton aphid control by nicotine sulfate developed.—The first in- 
secticide to give practical control of cotton aphids was nicotine sulfate, 
formulated by Department entomologists for this purpose in the 1920’s. 
In the 1930’s it was shown in Louisiana that nicotine sulfate could be 
mixed with calcium arsenate and used as a dual control for the boll 
weevil and cotton aphid under certain conditions. 

The “3-5-40” combination of insecticides developed for cotton-in- 
sect control_—This combination insecticide provides the simultaneous 
control of the boll weevil, bollworm, cotton aphid, and red spider mites. 
This is the first insecticide ever developed that gives at least fairly 
good control of all these insect pests simultaneously. 


F. SOME ADDITIONAL WORK NEEDED 


Relation of all insecticides used on cotton to the cotton aphid.— 
Every insecticide that shows promise of being used for the control of 
the boll weevil, bollworm, pink bollworm, or other cotton insects should 
be studied in relation to the cotton-aphid problem. These studies 
should determine the effectiveness of the insecticide against the aphid, 
and whether it kills the parasites and predators of aphids, thereby 
allowing them to build up to injurious numbers. 

New insecticides for cotton-aphid control needed.—The search for 
effective, safe, and economical insecticides should be continued through 
laboratory and field tests. Needed are safe, effective insecticidal ma- 
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terials that will control aphids that attack cotton, along with the other 
major insect pests, or a material that may be safely, effectively, and 
economically added to other insecticides for the simultaneous control 
of all cotton insect pests. 

Studies of resistant strains or varieties of cotton should be continued 
in cooperation with plant breeders to discover or develop strains or 
varieties of cotton that will resist or will be partially resistant to aphid 
attacks. 

Additional data on host relationships is needed because the aphids 
that attack cotton also infest many other host plants. Studies on the 
host relationships of the different species of aphids that attack cotton 
may be helpful in developing methods of checking initial infestations 
in cotton fields and may lead to other practical developments in cotton- 
aphid control. 


INVESTIGATIONS ON THE Corron FLEAHOPPER AND RELATED INSECTS 


(BEPQ—I-f-5—F'ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) discover and develop new methods of controlling the cotton 
fleahopper and related insects and to improve the known methods of 
control; and (2) determine the extent to which these insects affect the 
yield of cotton in various locations throughout the Cotton Belt. This 
group of insects causes serious injury to the cotton crop in parts of 
Texas every year, and in some years outbreaks are widespread over 
many States. Investigations are currently directed toward making 
hibernation and emergence studies during the winter and early spring, 
making limited surveys to determine the seasonal and geographical 
abundance of these insects and the amount of injury caused, and con- 
ducting experiments with various inseoticides. 


B. CURRENTLY ACTIVE LINE PROJECTS 


and related insects, to aid in the distribution of insecticides and assist 
growers in preventing losses. To be currently informed as to the 
relative abundance of the cotton fleahopper and related insects in areas 
where they are often major cotton pests. Surveys are conducted in 
order to inform cotton farmers of the need for applying control meas- 
ures and to provide information that will aid in the distribution of 
insecticides to areas where needed to protect the cotton crop. 

]-f-5-2—Hibernation, winter survival, and spring emergence of 
the cotton fleahopper and related insects from wild and cultivated host 
plants as an index to expected damage and need for insecticides. To 
be able to forecast with a reasonable degree of accuracy the damage to 
cotton likely to occur in various locations from attacks of these pests 
and to provide information as to the probable need for insecticides to 
control them. To obtain information that will add to the knowledge 
of the cotton fleahopper in its relation to climatic conditions. 

I-f-5-4—Tests of insecticides in field plots. To develop practical, 
low-cost insecticides or combinations of insecticides that will control 
the cotton fleahopper and related insects on cotton. 


I-f-5-1—Surveys of seasonal abundance of the cotton fleahopper 
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I-f-5-5—Strip-cropping and conservation practices in relation to 
the cotton fleahopper and related insect pests of cotton. To determine 
the effect of various strip-crop and conservation practices on the abun- 
dance of fleahoppers and related insects in cotton fields and on the 
amount of injury these pests cause to cotton. 

I-f-5-6—Differences of cotton varieties in susceptibility to. flea- 
hopper damage and in response to insecticides used for fleahopper 
control. To determine the relation of varieties of cotton to a 
abundance and subsequent yields, and to determine the varietal differ- 
ences of cotton in relation to the effectiveness of insecticides used to 
control that insect. 


C. HISTORY AND EVOLUTION OF THIS WORK 





In the early 1920’s the Department received complaints from farm- 
ers that cotton was not fruiting properly. Young squares forming on 
the plants were turning yellow and dropping off, and the plants in 
general were assuming a tall, whiplike growth void of squares and 
bolls. There was a subsequent reduction in yield. Most of these early 
complaints came from southern Texas. Early investigations into the 
causes of this condition revealed the presence of a small, greenish insect 
which is now known as the cotton fleahopper. This insect, with other 
pas bugs, is primarily responsible for the damage reported. The 

rst actual research conducted by the Department on this group of 
insects was begun in 1923 at Victoria, Tex. Sulfur was shown to be 
effective in controlling these insects in 1924, and its use resulted in 
increasing the yields of cotton. Experiments during the next few 
years were devoted to developing sulfur as a practical control meas- 
ure and demonstrating its effectiveness. In the late 1920’s and early 
1930’s research was conducted to determine just how the cotton flea- 
hopper and related insects affect the cotton ee and cause its abnor- 
mal growth characteristics. Subsequent investigations at various 
locations have shown that the cotton fleahopper and other closely re- 
lated insects damage cotton in every State where this crop is grown. 
More recent investigations indicate that the population of these insects 
is greatly influenced by such farming practices as crop rotation and 
use of winter cover crops, and that they are far more important as 
cotton insect pests over the Cotton Belt as a whole than was originally 
supposed. Experiments conducted during the past 5 years have been 
centered mainly on the newer organic snaettiriden 





D. FUNDS—-ANNUAL EXPENDITURES 


During the period 1924 to 1933, inclusive, the average annual ex- 
penditure was probably about $15,000. From 1934 to 1950 annual 
expenditures ranged from $12,613 (in 1934) to $18,664 (in 1939), with 
an average of $16,069. The expenditure in fiscal year 1950 was $16,400. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The discovery of sulfur’s effectiveness in controlling the cotton flea- 
hopper and its development as a practical and economical method of 
control did much to make the production of cotton profitable in south 
Texas and in other areas where these insects often cause serious losses. 

The determination that the cotton fleahopper and other closely re- 
lated insects often cause serious injury to cotton in every cotton-pro- 
ducing State, and that supposed failures in boll weevil control were 
often explained by the presence of these insects has helped materially 
in arriving at practical and effective recommendations for cotton insect 
control in general. 

The recent determination that the newer organic insecticides which 
have come into general use are highly effective against this group of 
insects in comparatively small dosages has done much to lower the cost 
of production and increase the per acre yield of cotton in areas where 
these insects are a problem. 


F. SOME ADDITIONAL WORK NEEDED 


Determine extent of injury caused by cotton fleahopper and other 
mirids.—There are areas in the Cotton Belt where unexplained losses 
to the cotton crop still occur annually. In many areas in some years 
there is a delay in the normal fruiting of the crop and a loss of the “bot- 
tom crop” which makes boll weevil and other cotton insect control more 
difficult and expensive, and results in increased costs per acre to the 
grower. Such conditions are known to occur in the Piedmont sections 
of the Carolinas and Georgia, in Tennessee, and in parts of Alabama, 
Arkansas, and Oklahoma. Additional research is particularly needed 
in those areas to determine the extent to which insects actually cause 
this injury and the gains which might result from the use of practical 
measures to control fleahoppers and related insect pests. 

The relation of other crops including legumes grown as soil-improv- 
ing crops to the mirid populations on cotton—Wherever cotton is 
grown it is attacked by insects belonging to the family Miridae, includ- 
ing such notorious pests as the rapid plant bug, superb plant bug, tar- 
nished plant bug, and cotton fleahopper. These insects have many 
other host plants. Studies of the host plant relationships of these 
inseets to plants other than cotton might furnish information useful 
in developing farm practices that would prevent or reduce heavy 
infestations of these insects in cotton fields. 

The distribution, host plants, and relation to cotton production of 
all species of Miridae that occur commonly on cotton in the United 
States—There are in the cotton fields of this country at least a dozen 
species of Miridae that are at times abundant. Most of these insects 
are known to be serious pests of cotton. Little is known about the 
habits of several species. It is possible that some of them are bene- 
ficial predators. ‘There is much to be learned about the distribution, 
host plants, life history, habits, and relation to cotton of all of these 
insects that occur on cotton in this country. 
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Insecticides.—Additional investigations are needed to determine the 
insecticides that are effective and economical for use against each of 
the mirids that are pests of cotton. 


Pxiant Bue INVESTIGATIONS 


(BEPQ—I-f-6—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods for the control of plant bugs on cotton. These 
sucking insects blast squares and injure bolls. Crop injury on in- 
dividual fields caused by these plant bugs sometimes reaches 50 per- 
cent. Research work is centered in the Southwest where all of the 
American-Egyptian cotton is grown in the United States and where 
these insects are especially abundant. Current research is directed 
toward: (1) Making a long-range study on the effect of an expanded 
agriculture in the irrigated regions on the injury to cotton caused by 
several species of plant bugs; and (2) through large-scale field tests, 
demonstrating the value of using effective insecticidal control meas- 
ures, to increase the yield and improve the quality of cotton. 


B, CURRENTLY ACTIVE LINE PROJECTS 


I-f-6-1—Seasonal abundance of plant and stink bugs and need of 
insecticides for control. To determine the proper time to begin and 
discontinue insecticide control. 

I-f-6-2—Wild hosts and cultivated crops; their relation to plant 
bug populations, migration, and damage to cotton. ‘To determine the 
wild and cultivated host plants of plant bugs and stink bugs and their 
plant preferences, and the relation of host plants to the insect infesta- 
tions on cotton. 

I-f-6-3—Insecticide tests in cages to obtain promising materials 
for field tests. To determine promising insecticides or combinations 
that justify testing in the field against plant bugs. 

I-f-6-4—Insectide tests in plots applied by hand dust guns and 
ground machinery. To develop the most effective insecticide for use 
under field conditions. 

I-f-6-5—Large-scale insecticide tests applied by airplane. To de- 
termine the most effective insecticides and satisfactory methods of ap- 
plying them for the control of plant bugs by airplane. 

I-f-6-6—Loss in gin turn-out and value of seed caused by plant and 
stink bugs. ‘To determine the actual loss caused by stink bugs and 
other sucking bugs in gin turn-out of lint and loss in value of cotton- 
seed. 

I-f-6-7—Quality of cotton as affected by plant and stink bugs. To 
determine the actual loss of the quality of cotton caused by stink bugs 
and other sucking bugs that attack cotton. 

I-f-6-8—Natural enemies of plant bugs attacking cotton. To de- 
termine the species of predacious and parasitic insects which attack 
plant bugs, the degree of control which they exert, the factors which 
influence their abundance, and their seasonal and geographical 
distribution. 
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C. HISTORY AND EVOLUTION OF THIS WORK 





Plant bugs have been known to cause serious damage to cotton in 
the United States since 1855. Two stink bugs, a leaf-footed bug, and 
the “red bug” or cotton stainer, were Pateerst to by the first entomolo- 
gist of the Department of Agriculture in his report for 1855. Several 
other published records indicate the economic importance of plant bugs 
to cotton over a period of nearly 100 years. The stink bugs, leaf-footed 
plant bugs, and cotton stainers vary greatly in their geographical 
distribution, the so-called brown cotton bug being the predominant 
species of stink bug in Arizona, the conchuela in west Texas and New 
Mexico, and the southern green stink bug in the Southeastern States. 
The leaf-footed plant bugs occur throughout the Cotton Belt. 

The earliest investigations on the biology and control of plant bugs 
by the Department were conducted in Mexico in 1904 and 1905, fol- 
lowed by more intensive work in Texas and Arizona from 1906 to 1910. 
Control, then, amounted to hand picking. From 1915 to 1920 investi- 
gations were expanded to include plant bugs causing serious damage 
to cotton in Georgia and Florida. Ffand picking of the insects and the 
burning over of woods and fields adjacent to cotton were recommended 
as the most practical methods of control. 

: During the 1920’s investigations on plant bugs were continued in 
connection with studies on the boll weevil, Thurberia weevil, and pink 
bollworm in various locations. As cotton production increased in the 
irrigated regions of the Southwest, and as farming grew more diversi- 
fied, plant bugs became a greater problem in the economical production 
of cotton. Studies in 1932 showed plant bugs were generally distrib- 
uted throughout the cotton-producing areas of Arizona and caused 
4 serious reduction in both the quality and quantity of cotton. Large- 
' scale field tests made in Arizona in the late 1930’s demonstrated the 

value of insecticidal combinations for plant-bug control, and the ma- 
jority of the cotton growers in Arizona were finding their use profitable 
ry 1940. Studies were also made of the disadvantages of the arsenical 
insecticide combinations from the standpoint of the destruction of 
colonies of bees and injury to certain crops, such as cantaloups, grow- 
ing adjacent to cotton. Investigations since 1945 have centered around 
the development of organic insecticides for plant-bug control in the 
hope that such complications following the use of arsenicals might 
be avoided. Much progress has been made, and emphasis on plant-bug 
control is now with other newer insecticides, the use of which is result- 
ing in the practical and economical control of plant bugs attacking 
cotton. 


D. FUNDS—-ANNUAL EXPENDITURES 









Early work done on plant bugs attacking cotton was financed from 
funds made available through other projects. The total amount spent 
on plant-bug research from 1855 to 1900 probably amounted to less 
than $5,000. From 1900 to 1920 the average annual expenditure was 
about $2,000; from 1921 to 1940, $7,500; and from 1941 to 1950, 
$16,100—ranging from $10,000 in 1942 to $22,100 in 1949. The 
«mount allotted for plant-bug investigations during 1950 was $22,000. 


~—s 





774 AGRICULTURAL RESEARCH AND RELATED SERVICES 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovered and demonstrated that both quality and ntity of 
cotton was greatly increased through plant-bug control.—Demonstra- 
tions proved that control of sucking insects in cotton resulted in higher 
yields of better-quality cotton. These demonstrations resulted in al- 
most complete State-wide adoption of the practice of using insecticides 
on cotton in Arizona. 

Insecticidal mixtures for plant-bug control developed.—This mix- 
ture brought about increased yield of better-quality cotton and was 
used extensively by farmers in irrigated sections in the Southwest. 

Discovered the value of organic insecticides and demonstrated their 
effectiveness in controlling plant bugs attacking cotton. Use of these 
insecticides resulted in lowered cost of cotton production and increased 
yield and quality. 


F. SOME ADDITIONAL WORK NEEDED 


Survey of plant-bug damage to cotton needed.—Plant bugs often 
affect the quality more than the quantity of cotton produced. For 
cotton to compete with other natural and synthetic fibers and bring 
the farmer higher income, it is desirable that losses in quality as well 
as quantity be avoided. Additional research is needed to determine 
more precisely the extent to which plant bugs affect the quality of cot- 
ton in each of the cotton-growing States. 

Need for measuring effect of agricultural practices on plant bugs.— 
Additional research is needed to determine the comparative effects of 
changing agricultural practices (such as crop rotations, the use of 
winter crops, and more intensive cultivation of the soil) on cotton- 
plant-bug populations. 

New insecticides being developed should be thoroughly tested against 
each of the various plant bugs which attack cotton in an effort to find 
or develop insecticides that will be more economical and effective than 
those now being used. 


INVESTIGATIONS ON MiscenLANEous Corron INsEctTs 
(BEPQ— I[-f-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop control measures for miscellaneous insect pests not 
included in projects I-f-1 to 6 which cause intermittent damage to 
the cotton crop. Included in this group are several species of thrips, 
the cutworms, the cotton leafworm, the webworms, the salt-marsh 
-aterpillar, the red spider mites, grasshoppers, crickets, leafhoppers. 
flea-beetles, and many other species which are often serious pests of 
cotton. The cotton leafworm was one of the two most important pests 
of cotton in the country until the advent of the boll weevil. Whenever 
outbreaks of any of these pests are reported, whether local or general, 
efforts are made to investigate the extent of the injury and its cause. 
Whenever possible during an outbreak of any of these pests, particu- 
larly if an effective and economical control is not known, research is 
conducted on the spot to develop such control. Particular emphasis 
is currently being placed on developing effective control measures for 
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several species of thrips, probably the most serious pests of cotton in 
the early stages of its growth. Other pests currently being studied 
with sclerenn to seasonal and quateald cal distribution and control 
are the red spider mites, the cotton leafworm, cutworms, and the 
salt-marsh caterpillar, 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-f-7-1—Surveys relating to cotton insects not included in other 
projects. To have available at all times reliable information in regard 
to a status of these various cotton insect pests throughout the U nited 
States; to furnish helpful information regarding “them to cotton 
growers, agricultural extension workers, and “the insecticide industry ; 
to aid in the prompt discovery of any new foreign pests of cotton 
that may be introduced accidentally from other parts of the world 
or of native pests that may be adapting themselves to cotton. 

I-f-7-2—Cotton leafworm: Appearance, distribution, abundance, 
and damage in each State. To be able at any time during the cotton- 
growing season to give reliable information in regard to the presence, 
distribution, abundance, and potential danger from the cotton leaf- 
worm; and to cooperate with various State agencies by furnishing all 
available information concerning its spread and control. 

1—-f-7-3—Thurberia weevil: Annual survey to determine its status 
in Arizona. To determine the comparative seasonal and annual abund- 
ance of the thurberia weevil in areas where it is now known to occur, 
to determine any changes in its geographical distribution, and to 
determine any changes in its status as a cotton pest and the causes 
of these changes. 

I-f-7-4+-— Investigations of insects attacking wild cotton in Florida. 
To determine if these insects have been eradicated from Florida, or 
if they have spread to other areas. 


C, HISTORY AND EVOLUTION OF THIS WORK 


The cotton leafworm has been known as a serious pest of cotton 
since 1793. Because the pest caused an estimated loss of cotton worth 
$15,000,000 in 1877, Congress appropriated funds to be used by the 
newly organized Entomological Commission for the investigation of 
cotton insects in 1878. Entomologists were assigned to all the South- 
ern States, even to West Indian Isl: inds, to study this problem. Inves- 
tigations on the control of this pest have continued until the present 
time. it had been observed in the early 1800's that the leafworm was 
sporadic in its outbreaks and was much more destructive in some 
years than in others. No injury was recorded from the Eastern States 
sometimes, while the crop was practically destroyed in parts of Texas, 
Louisiana, and Mississippi. It was determined finally that this insect 
does not overwinter in the United States but migrates from Central 
and South America, and that it is impossible to predict where or 
when an outbreak may occur. Paris green was used for the control 
of this insect as early as 1872. This was the principal insecticide 
used for the control of the leafworm until 1922, although london 
purple, arsenate of lead, and other arsenical poisons were used to some 
extent. Calcium arsenate largely replaced paris green and other 
pre for leafworm control until recently when benzene hexa- 
chloride and toxaphene became available. 





776 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Thrips, too, have long been recognized as serious cotton pests, par- 
ticularly to seedling cotton in the early spring. Their principal 
damage is in stunting the plants and delaying fruiting. This was 
not so serious before 1892, when the boll weevil became a pest in this 
country. Very little research has been accomplished on the control 
of this insect pest, although it was shown in 1936 that certain cotton 
varieties were more susceptible to thrips injury than others. Research 
on the thrip-control problem since the development of organic insec- 
ticides in 1945 indicates possibility of their control with DDT, ben- 
zene hexachloride, and others. 

Red spider mites have been known to cause serious injury to cotton 
since 1893. They are usually sporadic in their attacks, rarely occur- 
ring in damaging numbers in the same location for two successive 
years. Kerosene emulsion was used early for the control of these 
mites. This was replaced by sulfur, the standard recommendation 
for control of red spider mites on cotton since 1905. Experiments 
with new compounds are being conducted now, and several show 
promise. 

There are many other insects besides those mentioned which often 
cause serious injury to cotton. Research on a number of these dates 
back to the late 1800’s. In most cases research on these various cotton 
insects has kept pace to a fairly reasonable degree with the demands, 
and it is rare that a problem arises concerning a particular pest for 
which research cannot provide at least a partial answer. Investiga- 
tions are made of these when opportunity affords. The problem has 
recently become more complex, ceracrer. owing to the use by cotton 
growers of new chemicals which are powerful insect killers and which 
show no preference for the injurious insects over the beneficial ones. 
Some of the pests previously considered of minor importance to cotton 
are now assuming more important roles because of the destruction 
of their natural enemies. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds have been provided for research on insects attacking cotton 
since 1878, the first direct appropriation being $5,000 during that 
year. The amounts spent during the early years for research on the 
insects now included in this project are difficult to determine but would 
probably average about $3,000 annually until 1910. From 1910 to 
1926 inclusive the average annual expenditures for these insects ap- 
proximated $6,000, and from 1927 to 1934 inclusive they averaged 
about $30,000. Since 1934 the annual expenditures have varied from 
approximately $17,000 in 1941 to approximately $5,500 in 1944, and 
averaged about $8,000. The amount spent during 1950 was approxi- 
mately $11,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The determination that the cotton leafworm does not overwinter in 
the United States but migrates from Central and South America pro- 
vided important information on the habits of this pest. Farmers 
formerly wasted effort in cleaning up fields in which the leafworm was 
believed to hibernate. 
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Effective insecticides discovered for cotton leafworm control.—The 
effectiveness of paris green, calcium arsenate, benzene hexachloride, 
and toxaphene in controlling the cotton leafworm was discovered and 
these insecticides have provided the cotton growers practical and ef- 
fective means of controlling this pest. 

Use of sulfur to control red spider mites on cotton.—The discovery 
of the value of sulfur for red spider mite control and its continuous 
use for this purpose since 1905 has provided cotton growers an effective 
and economical means of controlling outbreaks of this pest. 

Readily available information on the life history, habits, and control 
of the various insect pests of cotton, which results from intermittent 
outbreaks, has provided basic information for development of control 
methods. 

Study made on dispersal of insects in the upper air.—Comprehensive 
research on the dispersal of insects in the upper air was conducted in 
connection with several aspects of this project. The published report 
on this outstanding research is a standard reference to studies on insect 
dispersal in the upper air the world over and has provided much 
useful information on the subject. 


F, SOME ADDITIONAL WORK NEEDED 


Additional research on timing and methods of application of insec- 
ticides needed.—Many of the so-called minor pests of cotton have 
become major pests when environmental conditions changed. Re- 
cently, the widespread use of the organic insecticides for the control 
of major pests has created new problems in connection with the pests 
covered by this project by destroying their natural enemies. There 
is evidence that the proper timing of insecticide applications and the 
use of minimum dosages of insecticides might solve some of these 
problems. Additional research is needed to provide the answers. 

Growth of insect resistance to insecticides —It seems likely that 
resistance to insecticides may develop especially among the spider 
mites. Research to determine how to meet such an occurrence is 
needed. 

The cotton leafworm: Food habits, distribution, and spread.— 
There is little information available as to where the cotton leafworms 
originate, or why they vary so greatly in numbers from year to year. 
The first moths of the cotton leafworm reach the United States each 
year during April, May, or June. In cooperation with all or many of 
the cotton-growing countries lying between the United States and the 
Argentine Republic, much research will be needed in order to obtain 
adequate information to explain the distribution, appearance, and 
abundance of this insect. Although in the United States cotton is 
the only known host plant, this species may develop on other malvace- 
ous plants in Central and South America. A comprehensive study of 
the distribution of this insect and its habits in other countries might 
prove of great value and enable reliable forecasts to be made as to 
when this insect is likely to be serious in the United States. 

Information needed concerning the life history, host plants, dis- 
tribution, and causes of local outbreaks of many of the minor pests 
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of cotton.—The corn silk beetle, Luperodes brunneus (Crotch), is 
occasionally a serious pest of cotton over wide areas. Nothing is known 
as to the food habits of the larvae of these beetles. This information 
might be of much value in preventing outbreaks of these beetles. 
Little information is available about several other beetles and many 
other insects that are at times minor pests of cotton. 


Bastc Resrarcn on Corron Insects Retatine To FUNDAMENTAL 
Facrors Arrecting ConTroL 


(BEPQ and BPISAE—RM: b-43—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To conduct basic or fundamental research which will: (1) Deter- 
mine degree of toxicity and correct formulation of new chemicals 
to be used in field tests against cotton insects, and eliminate from field- 
testing those chemicals which do not have sufficient toxic action 
to justify it; (2) determine the degree of toxicity of promising new 
insecticides on beneficial insect species on cotton; (3) determine the 
relationship existing between use of various insecticides to the total 
insect population in cotton fields; (4) determine the manner in which 
cotton insects are killed through the use of various poisons; and (5) 
determine the basic factors underlying plant relations to insect attacks 
and to insecticide applications. 

As new chemicals are developed and become available they are first 
tested against various cotton insects under laboratory conditions to 
establish degree of toxicity. Many chemicals never go beyond this 
stage. For chemicals demonstrating toxic action, further laboratory 
experiments are conducted to determine proper dosages and formula- 
tions required to give a high degree of mortality. After this has been 
determined, comparative tests are conducted in field cages using in- 
secticides of proved value as standards of comparison. If a new 
compound compares favorably with those of known value in field 
cage tests, it is then recommended for testing under field conditions. 
At this stage, it is also tested in the laboratory or in field cages against 
beneficial insects to determine degree of toxicity against these insects. 
Through tests with insects collected under field conditions, the com 
parative relationship of the use of these insecticides to the total insect 
population of cotton fields is determined. In laboratory tests, also, 
the degree of total toxic action due to contact effect, fumigating effect, 
stomach effect, or effect due to plant absorption of the fumes or con- 
densation of the fumes on plant surfaces is determined. 

Cage tests in which punctured cotton squares are collected from 
fields treated with these insecticides are conducted to determine the 
effect of each of these on boll weevils developing inside of punctured 
squares. Field tests are conducted to determine the relationship of 
the field use of these insecticides to the physiology of the cotton plant. 
Laboratory and greenhouse tests are made to establish the fact of 
systemic action of various new chemical compounds; that is, action 
‘aused when the plant takes up through its roots or absorbs into its 
tissues these chemicals and translocates them to other parts of the 
plant while they retain their toxic qualities. If such action is demon 
strated, further tests are conducted to determine correct dosage and 
formulation and correct methods of applying these materials, whether 
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in water solution to the soil, or as sprays or dusts to the plants, or as 
seed treatments, etc. Studies are made of the various organs and 
tissues of insects treated with these various insecticides to determine 
which are affected and the degree. Biochemical studies are made to 
determine exact chemical composition of various insects and the 
various organs of the insect’s body. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : b-43-1 (BEPQ)—Toxicity to the boll weevil of new chemicals 
and formulations. To discover the relation to the boll weevil of new 
chemicals and new formulations not previously tested against this 
insect. ‘To test any material in various mixtures in the laboratory 
known to be toxic to the boll weevil in the hope of obtaining informa- 
tion that may prove useful in developing formulations of practical 
value for boll-weevil control. 

RM: b—-43-2 (BEPQ)—The relation of insecticides to the insect 
populations of cotton fields. To determine what insects occur in 
cotton fields under various conditions and in different areas and the 
relative abundance of each species as a basis for other studies. To 
study the relation of each widely used insecticide to the whole insect 
population of cotton fields. To determine what effect the continued 
use of each insecticide has upon each species of insect that occurs 
abundantly in cotton fields. 

RM: b-48-3 (BEPQ)—Toxicity to the cotton aphid of new chemi- 
cals and formulations. To determine in laboratory tests the effect of 
new chemicals and formulations not previously tested on the cotton 
aphid. To determine the relation between cotton aphid control and 
the control of other cotton insects by such chemicals and formulations. 

RM: b—-43-4+ (BEPQ)—How insecticides kill cotton pests. To de- 
termine exactly how insecticides kill cotton insects, the aim being to 
develop methods of increasing their effectiveness. In initial work, 
special attention is given to the determination of how calcium arse- 
nate, benzene hexachloride, and chlordane kill the boll weevil, how 
nicotine and benzene hexachloride kill the cotton aphid, and how DDT 
kills the bollworm and pink hollworm. Determine if the toxicity or 
effectiveness of the chemicals may be increased by using formulations 
or methods of application that have not previously been used. 

RM: b-43-5 (BPISAE)—Physiological factors involved in cotton- 
plant relations to insect attack and to insecticide applications. Deter- 
mine basic factors underlying cotton-plant relations to insect attack 
and to insecticide application. Determine to what extent these factors 
may be inherited or influenced by cultural practice, and how such 
information can be utilized to increase yields and fiber quality. 

RM:b-6 (BEPQ)—TPoxicity to red spiders of new chemicals and 
new formulations. To determine the effects of new chemicals and new 
formulations on red spider mites. To correlate data concerning effect 
of the insecticides on red spider mites with similar data on the boll 
weevil and other cotton pests, the purpose being to obtain information 
that may prove useful in the formulation of an insecticide which will 
be toxic to all the important cotton pests. 

RM: b-43-7 (BEPQ)—Toxicity to the cotton leafworm of new 
chemicals and new formulations. To determine the effects of new 
chemicals and new formulations on the cotton leafworm. ‘To corre- 
late data concerning effect of the insecticides on the cotton leafworm 
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with similar data on other cotton insects for the purpose of obtaining 
information which might be useful in the formulation of an insecti- 
cide that will be toxic to all the important cotton pests. 

RM:b-48-8 (BEPQ)—Toxicity to the cotton fleahopper and 
related insects of new chemicals and new formulations. To determine 
the effects of new chemicals and new formulations on the cotton flea- 
hopper and related insects. To correlate data concerning effect of 
the insecticides on the cotton fleahopper and related insects with sim- 
ilar data on other cotton insects with the purpose of aiding in the 
development of an insecticide or a combination of insecticides which 
may be toxic to all the major cotton pests. 

RM: b-43-9 (BEPQ)—Toxicity to stink bugs of new chemicals and 
new formulations. To determine the effects of new chemicals and 
new formulations on the several species of stink bugs which attack 
cotton. To correlate data concerning effect of the insecticides on the 
stink bugs with similar data on other cotton insects for the purpose of 
aiding in the formulation of an insecticide which may be toxic to all 
the important cotton pests. 

RM: b-43-10 (BEPQ)—Toxicity to the bollworm of new chemicals 
and new formulations. To determine the effect of new chemicals and 
new formulations on the bollworm. To correlate data concerning 
effect of the insecticides on the bollworm with similar data on other 
cotton insects, the purpose being to obtain information that may aid 
in formulating an insecticide, or a combination of insecticides, which 
will be toxic to all the important cotton pests. 

RM: b-43-11 (BEPQ)—Toxicity to benelicial parasitic and preda- 
cious insects of various chemicals and formulations used in cotton 
insect control. To determine the effects of various insecticides on 
each of the important predacious and parasitic insects that are of eco- 
nomic importance to cotton. To correlate data concerning the effect 
of the insecticides on beneficial insects with similar data on various 
species of injurious insects on cotton, the purpose being to obtain 
information which may be of value in the formulation of an insecticide 
that will be effective against the injurious species but will not be 
highly toxic to the beneficial species. 

RM: b-43-12 (BEPQ)—Effect of varied climatic conditions on the 
toxicity of new chemicals and new formulations to the boll weevil, 
cotton aphid, red spiders, thrips; cotton fleahopper, and related species 
of insects, bollworms, pentatomids, and other insects injurious to 
cotton. To determine the effect of varied climatic eonditions on the 
toxicity of new chemicals and new formulations to several species of 
cotton insects and red spider mites. To provide data on which to base 
control recommendations which will recognize the fluctuation of cli- 
mate from day today. To provide a comprehensive study of climatic 
conditions as they relate to the toxicity of new insecticides, in order to 
answer some of the problems relating to inefficiency of some insecti- 
cides encountered under some conditions. 

RM: b-43-13 (BEPQ)—Aphid-resistant characters in cotton. To 
discover what part the total number of hairs on cotton leaves play 
in aphid resistance. To learn what part, if any, the location of hairs 
on cotton leaves plays in aphid resistance. To study apparent inter- 
relationship between hairiness, acidity of cell sap, and aphid resist- 
ance. To assist plant breeders in discovering ways in which the char- 
acters found detrimental to aphids might be introduced into productive 
and otherwise desirable varieties. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


* It has been realized for many years that basic research lagged far 


behind applied research in the field of cotton insect control, and, 
in fact, in insect control in general. This was due largely to public 
demand for immediate information on the effectiveness of new insecti- 
cides and other practical methods of control. The research staff at 
the various field laboratories had neither the facilities nor the per- 
sonnel to conduct basic research on a high level, even though many of 
these laboratories made valuable contributions to basic research over a 
period of many years. The development of chemical methods of con- 
trolling insects has been largely a “hit and miss” endeavor. When a 
new chemical compound was developed or discovered, it was routinely 
tested to determine its toxic value against insects. It was largely 
by accident that the chemical possessed toxicity. 

With the rapid advances in the field of organic chemistry, whereby 
literally hundreds of thousands of compounds may now be made 
available, it is felt that compounds may be discovered by intent 
which will attack any given organ or tissue in an insect’s body and 
result in its death, if histological and physiological studies of Gave 
are conducted, to determine which organs or tissues are most suscep- 
tible to degeneration or deterioration by various toxicants, and if 
this work is combined with biochemical investigations to determine 
the toxicants’ exact chemical content and chemical structure. 

Likewise, when the chemistry of the various insects is known, com- 
pounds may be made which will be extremely toxic to insects but 
nontoxic to man and other w ‘arm-blooded animals. That plants will 
take up and translocate certain toxic chemical compounds is now well 
known. Out of the toxic chemicals safe to use, until recently none 
has been prepared in such form that plants can absorb and translocate 
them. It may be possible, through a study of the chemical structure 
of compounds known to be taken up by plants, as for example nitrogen, 

»otassium, and phosphorus in their various forms, that a linkage can 

found whereby a toxic radical may be hooked on or linked to some 
chemical form of these and carried into the plant system in this 
manner. None of the so-called systemic insecticides known remain 
highly toxic to insects on plants for longer than a few days. They 
usually lose their toxic value rapidly after even a few hours’ exposure. 
It is believed possible that through chemical investigations compounds 
may be discovered (1) which will remain effective over long periods 
after application, (2) which may become more toxic instead of less 
toxic to insects after prolonged exposure, and (3) which will be toxic 
to neither plants nor warm-blooded animals. 

Researches of the above nature were made possible through the 
Research and Marketing Act of 1946, and preliminary investigations 
on fundamental factors relating to the control of cotton insects were 
started in 1947 and have continued to date. Progress has been slow, 
as with any type of basic research, but definite progress has been 
made. 

D. FUNDS—ANNUAL EXPENDITURES 


This ae was started on September 30, 1947. Appropriations 


for fiseal years 1948, 1949, and 1950 were $50,000, $59,100, and $59,500, 
respectively, for BEPQ, and $4,575 in 1948, $5,000 in 1949, and $10,000 
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for 1950 for BPISAE. Total expenditures were $54,575 for 1948, 
$64,100 for 1949, and $69,500 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Some insecticides were shown to kill immature boll weevils devel- 
ing inside punctured cotton squares, in addition to killing the adult 
insects as a result of their normal field usage. (This was demonstrated 
originally in field tests under BEPQ—I-f-1.) Four new insecticides 
now under investigation are highly effective in this manner. 

Octamethyl pyrophosphoramide and several other chemical com- 
pounds are taken up by the cotton plant through applications to the 
soil, to the plant itself in dusts or sprays, or to the seed prior to plant- 
ing, and are translocated to other parts of the plant in sufficient 
—— to kill aphids, spider mites, and other insects when they 

eed on treated plants. Plants thus treated remain toxic to insects 
over a comparatively long time. 

Several insecticides have killed various cotton insects through con- 
tact action, stomach action, direct fumigating action, and action result- 
ing from plant absorption of the vapors or condensation of the vapors 
on plant tissues. 

Histological studies on bollworm larvae treated with dieldrin show 
marked degeneration or other abnormality in tissues of the alimentary 
canal, midgut, fat bodies, and Malpighian tubules. _ Every fat body 
examined in treated specimens was found to be affected, which in- 
dictated an affinity of the toxicant for fat. Similar studies using DDT 
and calcium arsenate failed to show histological change to the extent 
of those caused by dieldrin. 


F. SOME ADDITIONAL WORK NEEDED 


Tests of new chemicals.—Laboratory and field cage toxicity tests 
should be continued with new chemicals, as the chemicals are synthe- 
sized or discovered, against each of the injurious insect pests of cotton. 
Any of these chemicals found to be effective should be further tested 
to determine the proper dosages and formulations to be used in large- 
scale field experiments. 

How insecticides kill cotton insects—Physiological, histological, 
and biochemical studies should be made on each species of the injurious 
insects attacking cotton. The purpose is to determine the mode of 
action of various insecticides against these insects, with a view to 
determining which organs or tissues are most vulnerable to attack 
by chemical action, and to provide a basis for developing new chemi- 
cals especially designed to attack the weak places in the insect’s 
physiology. 

Possible use of systemic poisons against cotton insects.—Emphasis 
should be placed on research with systemic poisons—those which, 
when taken up by plants and translocated, render the plant toxic to 
attack by various insects. This phase of economic entomology is 
comparatively new and its possibilities have not been explored in the 
light of the chemicals which have been lately developed and those 
which are being developed. 

Basic research a continuous need—This work project is new and 
covers many phases or lines of basic research on cotton insects. Only 
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a start has been made on any of them. Progress may be slow on many 
lines; attention must be given to all of the insects mentioned and 
many others that are cotton pests. The various climatic, soil, and 
other environmental factors involved must be given full consideration. 
Because new problems are introduced by changes due to improvements 
and discoveries, certain phases of this research probably will be needed 
as long as cotton continues to be an important commercial crop in the 
United States. 
Corron Insecr Survey 


(BEPQ—Federal-State—Incipient and Emergency Outbreak Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to: (1) Determine by means of field 
observations during the growing season the status of the major insect 
pests of cotton, in order to furnish factual information on when and 
where insecticide applications should be made to control these pests; 
(2) advise growers so they can effectively apply insecticides if needed ; 
and (3) guide the distribution of insecticides and assure that they 
will be locally available to growers. 

Insect pests cause very serious losses to cotton, the average reduction 
in yield over the entire cotton-growing area having been as high as 
20 percent in some years. Research has shown that by the timely and 
proper use of effective insecticides much of these losses can be pre- 
vented and the grower can make appreciable savings. Under condi- 
tions of high insect populations, the use of effective insecticides 
applied at the right time may mean the difference between a profitable 
crop and practically no return. There is need to keep the farmer 
continuously informed regarding the materials to be used, and to guide 
industry in supplying these materials. To produce cotton and avoid 
waste of seed, fertilizer, and labor it is essential to combat insects. 

Farmers need information on how and when to use materials to 
prevent losses, and need to be encouraged to utilize information gained 
through research. Currently, on the basis of field data obtained coop- 
eratively with State agencies concerning the status of cotton insect 
perins advice is given to farmers at weekly or more frequent intervals 
»y State extension workers over the radio, in newspapers, and through 
correspondence to guide them in carrying out effective control of 
cotton insects. Information is supplied to cooperating State workers 
and others interested on a national basis, to aid them in planning 
programs and encouraging farmers to protect their cotton crops. 
Information is also supplied to industry to aid in the distribution of 
insecticides, so that they will be available locally to meet demands 
for use. 

B. CURRENTLY ACTIVE LINE PROJECTS 


Does not apply. 
C. HISTORY AND EVOLUTION OF THIS WORK 


During World War ITI calcium arsenate—the insecticide then most 
widely used for cotton insect control—was in short supply. There 
were heavy and insistent demands for materials to aubieeed thoes vests 
throughout the Cotton Belt. To aid the agencies responsible in chan- 
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nelizing available supplies to areas where the need was the greatest, 
field surveys were carried out in an effort to anticipate the development 
of cotton insect infestations. This resulted in facilitating the distri- 
bution of insecticides in an equitable manner on the basis of greatest 
need. Accompanying this work a plan was developed of advising 
farmers on the need for and timing of applications to assure most 
effective utilization of limited supphies. 

Following the war, with the development of new effective insecti- 
cides for use against cotton pests, it was essential to keep farmers 
advised on how to use these materials and to obtain current informa- 
tion as to the need for various kinds of materials in local areas. The 
advisory aspects of the work were therefore increased and developed 
during the years immediately following the termination of hostilities. 
The development of heavy infestations of cotton insects and the in- 
creased interest on the part of the cotton farmer to protect crops have 
increased the difficulty of appraising the quantities of insecticides that 
will be needed. Newer insecticides cannot be produced and made 
available to the farmer on short order. It is necessary that production 
programs be adequately planned in advance. When insect infesta- 
tions exceed anticipated intensity or more growers use insecticides, 
supplies of the preferred materials may be short, and there is need to 
advise industry on where to distribute them and to encourage the use 
of other effective materials when necessary. The cotton insect survey 
has, therefore, developed into a broad, currently advisory service, 
conducted cooperatively and is utilized by the farmer, persons associ- 
ated with cotton production, and the industry that serves the farmers 
by supplying insecticidal chemicals. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Annual expenditures have ranged from $36,000 in fiscal year 1944 
to $72,000 in fiscal year 1950, and averaged $58,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Cotton insect survey aids in distribution of insecticides and reduc- 
tion of crop losses.—The cotton insect survey made it possible for 
cotton farmers to get insecticides when and where they were needed 
to control the insects that threatened their crops during World War IT 
and thus prevented material losses. Industry has been able, with the 
aid of the survey, to gear its production of insecticides to meet the 
increased demands and to distribute materials to places where the 
need is greatest. Outstanding evidence of the benefits of the work 
have been increased yields and the fact that no serious crop losses 
resulted from the inability of farmers to get effective insecticides 
when and where they wanted them. In periods of high insect popula- 
tion and unexpectedly large insecticide requirements, such as occurred 
in the 1950 season, this is an accomplishment of no small significance. 

Cotton insect control expanded as a result of the survey.—Sound 
cotton insect control has been greatly expanded as a result of the 
survey activities. The number of farmers applying control measures 
has increased by more than 100 percent in the last few years, much of 
the increase being a result of the advisory program made possible 
because of the survey. The acreage where cotton insect control is 
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applied has increased approximately 15 percent since the program 
was initiated. The average annual increase in use of insecticides for 
cotton insect control has been approximately 30 percent during the 
last 5 years. 


F. SOME ADDITIONAL WORK NEEDED 


The benefits from surveys which have provided the basis for timely 
advice are recognized by the cotton farmer, the Extension Service, 
the cotton industry, and the industry that produces insecticides. It 
is the type of work that cannot be supplied except through leadership 
and cooperative undertaking, and the service should be continued. 


PROBLEMS OF ORGANIZATION AND OPERATION OF Farms (Corton) 
(BAE—A-1-20—F ederal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 24, Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) learn the variations in practices used in producing cotton 
across the Cotton Belt with respect to degree of mechanization, use of 
fertilizer and other materials, and techniques, on farms of different 
sizes within an area and between areas; and (2) compare the efficiency 
of production among farms and areas. This project conducted in 35 


type-of-farming areas in cooperation with 10 southern agricultural 
experiment stations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-20-45—Practices used in the production of cotton. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See Chapter 24, Economies of Production.) 


D. FUNDS--ANNUAL EXPENDITURES 


(See Chapter 24, Economics of Production. ) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Provision of recent base or bench mark for cotton-production prac- 
tices and for organizational details of farms producing cotton—The 
production practices information may serve as a basis for increasing 
the effectiveness of educational activities. Details are available—by 
size of farm for major types of farming areas—on insect control, 
fertilizer, and seed treatment practices, and data are provided on the 
kinds and quality of planting seed used. 

Organizational data (including details for size and tenure of farms, 
crops grown, livestock owned, labor supply, machinery and equipment 
used, and sources of farm power) may be used: (1) To evaluate the 
feasibility, for types of farms and regions, of different cotton pro- 
duction methods which arise as a result of technological developments. 
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For example, information suggests that generally small cotton farms 
east of the Mississippi River will not find partial mechanization (i. e. 
mechanization of all operations except hoeing and harvesting) of cot- 
ton production to be economically advantageous. Information also 
indicates that given the present state of technical development and 
the cost of mechanical cotton pickers, the economic use of these ma- 
chines will be restricted, in the main, to large farms, of generally level 
topography, and to cotton yields approximating a bale per acre. (2) To 
realistically appraise the economic effect of agricultural policy pro- 
posals concerning cotton production. For example, a basis is provided 
for estimating practicable short-run alternatives to cotton production 
by size of farm, should cotton acreage reductions be required by agri- 
cultural policy. Data are available for estimating in what production 
areas and on what sizes and types of farms cotton acreage would 
increase if controls were lifted. 

Provision of basie cotton-production cost data.—These data may be 
used to indicate the relative efficiency with which resources are use«| 
in cotton production between types of farming areas, and between 
different sized farms within areas. 


F. SOME ADDITIONAL WORK NEEDED 
(See chapter 24, Economics of Production.) 
Farm Costs anp Returns (Corron) 
(BAE—a-—1-—23—F ederal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
chapter 24, Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure changes from year to year over a period of years and to 
keep current estimates of acreage and livestock numbers, investment, 
costs, and returns on important sizes and types of commercial farms 1) 
selected major type-of-farming areas. Such estimates provide farm. 
ers and others with information on annual changes in costs and returns 
in farming from 1930 to the present. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-23-10—F arm costs and returns on small-scale and commercia! 
family-operated cotton farms, Lower Piedmont. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See chapter 24, Economics of Production.) 


D. FUNDS-——-AN NUAL EXPENDITURES 


(See chapter 24, Economics of Production.) 


E. EXAMPLES OF OUTSTANDING ACCOMP! ISHMENTS 


Work on the above line projects is not yet completed. (See chapter 
24, Economics of Production, for general statement on accomplish- 
ments. ) 
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F. SOME ADDITIONAL RESEARCH NEEDED 


(See chapter 24, Economics of Production.) 


Economics or Farm MrEcCHANIZATION AND Orner IMPROVED 
Tecuniques (Corron) 


(BAE—RM: b-62.5 to .9—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) learn the rates of performance and the operating costs, in- 
cluding the effect on yield and quality of cotton, for the newer type 
machines, such as the mechanical cotton picker, the mechanical strip- 
per, and the flame cultivator; and (2) learn the effect of mechaniza- 
tion and associated technological developments on the costs of pro- 
ducing cotton and on the organization, operation, and income on 
farms of various sizes that have different physical resources. Work 
during the early phases of the project included obtaining and analyzing 
information on costs and performance of the machines under various 
operating conditions, and collecting this information from farmers 
and experiment stations. Emphasis is now being given to an eco- 
nomic evaluation of mechanization and associated technological devel- 
opments and to their effects on costs of producing cotton and on farm 
incomes, first on individual farms, then for certain cotton-producing 
areas. This work is being done in cooperation with the experiment 
stations of the States indicated in section B following this paragraph. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-62.5—Economics of cotton mechanization in Mississippi. 
To ascertain the economic feasibility of using the newer technological 
developments in cotton production in the Mississippi Delta area, in- 
cluding their effect on costs and on farm incomes. Emphasis is given 
to the mechanical cotton picker and mechanical and chemical weed 
control. 

RM: b-62.6—Economics of cotton mechanization in Texas. To 
learn the possibilities and the economic feasibility of complete mecha- 
nization of cotton in the cotton-producing parts of the plains areas. 
Study of the mechanical stripper is emphasized. 

RM: b-62.7—Economics of cotton mechanization in North Caro- 
lina. To learn the possibilities and economic feasibility of the use of 
newer technological developments with particular reference to the 
mechanical cotton stripper in the Piedmont area. 

RM : b-62.8—Economics of cotton mechanization in South Carolina. 
To learn the possibilities and economic feasibility of increased mecha- 
nization in cotton production, particularly the use of the mechanical 
cotton picker in the Coastal Plains area. 

RM: b-62.9—Economics of cotton mechanization in California. To 
learn the economic feasibility of complete mechanization of cotton 
production in California, with special reference to the effect of the 
mechanical cotton picker on the costs of producing cotton, as well as 
on the competitive position of sediniags cotton production relative 
to alternative enterprises. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Considerable research on the cost of operating tractors and other 
machines has been conducted by BAE and southern agricultural exper- 
iment stations in connection with other lines of work. But farmers 
have only recently had the mechanical cotton picker, the stripper, 
and the flame cultivator. 

A reconnaissance study of the mechanical cotton stripper was made 
in Texas in 1944, and a study of the mechanical picker was made in 
California in 1945. They were conducted cooperatively by BAE and 
the agricultural experiment stations. Comprehensive studies of the 
economics of cotton mechanization were begun late in 1947 when RMA 
funds became available. 


D. FUNDS-—-ANNUAL EXPENDITURES 


During 1944 and 1945, about $8,000 was used for economic studies 
of the mechanical stripper and picker. RMA expenditures by the 
Department on the above line projects in fiscal years 1948, 1949, and 
1950 have been approximately $17,000, $33,000, and $44,000, respec- 
tively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Results of these studies have provided useful guides as to the costs 
and performance that might be expected. Most farmers cannot afford 
the costly trial-and-error way of learning whether an expensive ma- 
chine or practice will pay on their farms. Studies in the Mississippi 


Delta show that it takes 155 man-hours to produce a bale of cotton with 
one-row, mule-drawn equipment, and hand chopping and _ picking. 
Using tractor-drawn 9 Ser and a mechanical picker reduces the 


man-hours to 45, and by also using the rotary hoe and flame cultivator 
the time was reduced to 30 hours. The study indicates that if cotton 
production were completely mechanized and all hand work eliminated, 
a bale of cotton could be produced in the Delta with only 10 man-hours 
of work. If chemical weed control, now in the experimental stage, 
becomes practicable on farms, complete mechanization will be possible. 

In general, a mechanical cotton picker must harvest 100 bales or 
more in a season if it is to be as economical as hand picking at $2.50 
to $2.75 per hundredweight of seed cotton. About half of the total 
cost, or about $40 per bale (assuming a volume of 100 to 125 bales 
harvested per season) is for machine operation (including labor, 
power, repairs, depreciation, and interest) and the other half repre- 
sents loss in grade and waste in the field. 

In 1947, mechanical strippers in the High Plains of Texas harvested 
an average of 64 bales per machine. Average cost of machine opera- 
tion was $6.30 per bale on dryland cotton not previously harvested by 
hand and $21 per bale where cotton was machine-stripped after hand- 
snapping. There was very little difference in the value of cotton har- 
vested after frost by hand-snapping and by machine. But the aver- 
age value of cotton harvested between September 15 and November 
( before frost) was $20 to $25 per bale higher than for cotton har- 
vested between November 16 and January 15 (after frost). In the 
absence of an artificial defoliant, cotton cannot be satisfactorily 
stripped by machine before frost. 
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The flame cultivator helps in weed control but is not the complete 

solution. The cost of operating a four-row unit, including labor, 
ower, fuel for flamer, repairs, depreciation, and interest, was about 
1 per acre for each time across the field, in 1948. 


F, SOME ADDITION AL WORK NEEDED 


Economic research to keep abreast of the notable technical develop- 
ments.—Important changes are being made in ginning techniques and 
in mechanical cotton harvesters, and chemical weed control is emer- 
ging as a potential substitute or supplement for present weed control 
methods. Additional economic research should be provided to deter- 
mine the effects of these emergent technological developments upon 
production costs and upon farm organization in order that farmers 
may have a guide in their decisions. 

Pisoek as to results in differing areas and under varying condi- 
tions.—The physical resources, size of farm, and other conditions 
vary widely throughout the cotton-producing areas of the United 
States. The new techniques of production will thus have different 
potentialities for affecting costs and returns on cotton farms according 
to the conditions which apply. An evaluation of their economic effects 
over a wider range of conditions is needed so that at least a large 
proportion of the cotton farmers may benefit by the facts and rela- 
tionships disclosed. 

Research to evaluate the effect of technological developments on 
the entire Cotton Belt—When results of the various situations are 
available, an over-all evaluation of the effects of mechanization and 
associated developments on the agriculture of the South in general 
and of cotton in particular will be needed. 


(See also ch. 24, BAE, RM: b-62) 
Eq@ureMent AND Metrnops ror Mecuanizinc Corron Propucrion 


(BPISAE—RM : b-56—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Develop efficient equipment and methods for mechanizing 
cotton production, especially on small farms, including defoliation 
equipment; (2) completely engineer the production of cotton in all 
of its phases, especially with reference to the small farmer; and (3) 
develop improved methods for defoliating cotton. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-56-1—F actors affecting cotton leaf response to chemical 
defoliants. To determine the extent to which either varietal or en- 
vironmentally induced variations in leaf structure, chemistry, and 
metabolism intluence degree and efficiency of reaction between the 
leaf and chemical defoliants. 

RM: b-56-2—Develop or improve machinery for crop residue dis- 
posal and seedbed preparation. To develop or improve methods and 
equipment for the efficient and economical disposal of cotton stalks 
and cover crops. To develop or improve methods and equipment for 
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seedbed preparation, with particular reference to stands, grass, and 
weed control, and ensuing operations. 

RM: b-56-3—Develop or improve machinery for planting and fer- 
tilizing. To develop and improve methods and equipment (1) for the 
treatment of cottonseed, (2) for precision planting of cottonseed at 
high speeds, (3) for planting cottonseed at specified rates and inter- 
vals, and (+) for the placement of both liquid and granular fertilizers 
simultaneously with planting or cultivating. 

RM: b-56-4—To develop and improve machinery for cotton insect 
and plant disease control. To develop or improve methods and equip- 
ment for the economical and efficient application of insecticides and 
fungicides, both liquid and dust, on both large and small farms, with 
special emphasis on the durability of the equipment and its multiple 
use on the farms. 

RM: b-56—5—Develop or improve machines and methods for the 
control of grass and weeds in cotton. To develop or improve both 
methods and equipment for grass and weed control in cotton—me- 
chanically, by flame, by chemicals, or otherwise. 

RM: b-—56-6—Develop or improve equipment for harvesting cotton 
(including defoliation). To develop or improve methods and equip- 
ment for economical harvesting of cotton by machinery on both large 
and small farms. To develop generally reliable methods and equip- 
ment for defoliating the cotton as an aid to machine harvesting. 

RM: b—56-7—Development and evaluation of more effective cotton 
defoliants. To make a basic study of chemical-plant reaction among 
all known defoliants, either practical or otherwise, so as to provide 
a sound approach to the development of more efficient chemical de- 
foliants for cotton. 

RM: b-56-8S—Develop methods for controlling second growth in 
cotton. To develop methods of controlling second growth (sucker- 
ing or sprouting in mature plants) in cotton, which constitutes a 
serious hazard to mechanized harvesting since such leaves are not 
removed by current defoliants. Control may be found possible 
through better defoliants, through use of growth regulating chemicals, 
through cultural practices, or by varietal selection. 








C. HISTORY AND EVOLUTION OF THIS WORK 








Although defoliation research was initiated in 1938, the intensive 
investigations started only when both spindle pickers and strippers 
spotlighted the need for leaf removal in 1942. Regional cooperative 
research was begun with establishment of this project in 1947. 

In the fall of 1946 cotton production and harvesting (including de- 
foliation) machinery investigations were initiated in a preliminary 
way at Stoneville, Miss. 

The following year coordinated cotton mechanization research pro 
grams were initiated in five additional States (Alabama, California, 
Oklahoma, South Carolina, and Texas), each State being assigned to 
one or more phases of the program. For instance, one State is re 
sponsible for the crop residue and seedbed preparation phase, ani 
several other States are responsible for the harvesting phase because 
of the varying conditions and the need of different types of machines. 
such as strippers and spindle type pickers. 
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D. FUNDS——ANNUAL EXPENDITURES 


In the fall of 1946 (fiscal year 1947) preliminary work was ini- 
tiated with $7,500 from regular funds. Since then RMA funds have 
been available as follows: $70,000 in 1948, $70,000 in 1949, and $100,- 
v0 in 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A spiral brush stripper has been developed and tested for use in 
particular cotton areas. This has created interest among farmers 
and machinery manufacturers. Improvements credited to this strip- 
per include: (1) Higher field recovery of seed cotton, (2) less gather- 
ing of stalks and limbs, (3) increased flexibility that reduces the ex- 
actness with which the stripper must be driven, and (4) simplicity 
of design, which should reduce the cost of construction. 

Special steel knives have been developed as an aid to stalk dis- 
posal.—They are used in combination with the conventional rolling 
stalk cutter. The knives are mounted rigidly on regular cultivator 
feet and are set to run underneath the ground surface at an angle with 
the direction of travel. The knives shear the stalks immediately above 
the root area, 

Equipment wds developed for applying anhydrous ammonia simul- 
taneously with the bedding operation, by installing special tool bars 
and regular anhydrous ammonia applicators on the tractor ahead of 
the middle breakers. One preplanting operation is saved by this in- 
stallation. 

A flat-shaped burner, featuring a short, broad flame and foolproof 
adjustments, was developed for use in flame cultivation.—The flame 
tends to flow rather than bounce when it strikes the ground at the 
base of the cotton plant. This permits flaming to begin earlier. 
Slightly higher operating speeds may also be obtained with the in- 
creased exposure, and the burner requires virtually no attention after 
its Initial setting. 

A tractor has been equipped for multiple use for weed and insect 
control in cotton by mounting a shovel cultivator toward the front, a 
flame weeder on the rear, and a spray system on the extreme front. 
One tractor may then serve for all weed and insect control procedures 
throughout the season without changing the equipment. 

Special fenders were developed for a commercial cotton stripper.— 
This development considerably reduces field losses. The fenders re- 
duced stripping losses otherwise resulting from tractor wheel damage 
by about 76 percent. Several hundred sets have already been built 
by farmers in the north Texas areas after this pattern. 

A planter-cultivator combination has been worked out on the proj- 
ect. It permits the replanting of “skips” in the stand without chang- 
ing equipment. 

Regional coordination Through establishment of an annual defo- 
liation conference (April 1947) and the combined activities of a steer- 
ing committee and an information clearing house, it has been possible 
to include State, Federal, and commercial research personnel in the 
l 


planning, execution, evaluation, and publication of all progress made 
in this field. 
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seedbed preparation, with particular reference to stands, grass, and 
weed control, and ensuing operations. 

RM: b-56-3—Develop or improve machinery for planting and fer- 
tilizing. To develop and improve methods and equipment (1) for the 
treatment of cottonseed, (2) for precision planting of cottonseed at 
high speeds, (3) for planting cottonseed at specified rates and inter- 
vals, and (4) for the placement of both liquid and granular fertilizers 
simultaneously with planting or cultivating. 

RM: b-56-4—To develop and improve machinery for cotton insect 
and plant disease control. To develop or improve methods and equip- 
ment for the economical and efficient application of insecticides and 
fungicides, both liquid and dust, on both Jarge and small farms, with 
special emphasis on the durability of the equipment and its multiple 
use on the farms. 

RM: b-—36-5—Develop or improve machines and methods for the 
control of grass and weeds in cotton. To develop or improve both 
methods and equipment for grass and weed control in cotton—me- 
chanically, by flame, by chemicals, or otherwise. 

RM: b-56—-6—Develop or improve equipment for harvesting cotton 
(including defoliation). To develop or improve methods and equip- 
ment for economical harvesting of cotton by machinery on both large 
and small farms. To develop generally reliable methods and equip- 
ment for defoliating the cotton as an aid to machine harvesting. 

RM: b—56-7—Development and evaluation of more effective cotton 
defoliants. To make a basic study of chemical-plant reaction among 
all known defoliants, either practical or otherwise, so as to provide 
a sound approach to the development of more efficient chemical de- 
foliants for cotton. 

RM: b-56-8—Develop methods for controlling second growth in 
cotton. To develop methods of controlling second growth (sucker- 
ing or sprouting in mature plants) in cotton, which constitutes a 
serious hazard to mechanized harvesting since such leaves are not 
removed by current defoliants. Control may be found possible 
through better defoliants, through use of growth regulating chemicals, 
through cultural practices, or by varietal selection. 








C. HISTORY AND EVOLUTION OF THIS WORK 





Although defoliation research was initiated in 1938, the intensive 
investigations started only when both spindle pickers and strippers 
spotlighted the need for leaf removal in 1942. Regional cooperative 
research was begun with establishment of this project in 1947. 

In the fall of 1946 cotton production and harvesting (including de- 
foliation) machinery investigations were initiated in a preliminary 
way at Stoneville, Miss. 

The following year coordinated cotton mechanization research pro 
grams were initiated in five additional States (Alabama, California, 
Oklahoma, South Carolina, and Texas), each State being assigned to 
one or more phases of the program. For instance, one State is re- 
sponsible for the crop residue and seedbed preparation phase, and 
several other States are responsible for the harvesting phase because 
of the varying conditions and the need of different types of machines, 
such as strippers and spindle type pickers. 
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COTTON, COTTONSEED, AND OTHER FIBER PLANTS 791 
D. FUNDS—-ANNUAL EXPENDITURES 


In the fall of 1946 (fiscal year 1947) preliminary work was ini- 
tiated with $7,500 from regular funds. Since then RMA funds have 
been available as follows: $70,000 in 1948, $70,000 in 1949, and $100,- 
YOU in 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A spiral brush stripper has been developed and tested for use in 
particular cotton areas. This has created interest among farmers 
and machinery manufacturers. Improvements credited to this strip- 
per include: (1) Higher field recovery of seed cotton, (2) less gather- 
ing of stalks aa limbs, (3) increased flexibility that reduces ‘the ex- 
actness with which the stripper must be driven, and (4) simplicity 
of design, which should reduce the cost of construction. 

Special steel knives have been developed as an aid to stalk dis- 
posal.—They are used in combination with the conventional rolling 
stalk cutter. The knives are mounted rigidly on regular cultivator 
feet and are set to run underneath the ground surface at an angle with 
the direction of travel. ‘The knives shear the stalks immediately above 
the root area, 

Equipment was developed for applying anhydrous ammonia simul- 
taneously with the bedding operation, by installing special tool bars 
and regular anhydrous ammonia applicators on the tractor ahead of 
the middle breakers. One preplanting operation is saved by this in- 
stallation. 

A flat-shaped burner, featuring a short, broad flame and foolproof 
adjustments, was developed for use in flame cultivation—The flame 
tends to flow rather than bounce when it strikes the ground at the 
base of the cotton plant. This permits flaming to begin earlier. 
Slightly higher operating speeds may also be obtained with the in- 
creased exposure, and the burner requires virtually no attention after 
its Initial setting. 

A tractor has been equipped for multiple use for weed and insect 
control in cotton by mounting a shovel cultivator toward the front, a 
flame weeder on the rear, and a spray system on the extreme front. 
One tractor may then serve for all weed and insect control procedures 
throughout the season without changing the equipment. 

Spee ial fenders were developed for a commercial cotton stripper.— 
This development considerably reduces field losses. The fenders re- 
(luced stripping losses otherwise resulting from tractor wheel damage 
by about 76 percent. Several hundred sets have already been built 
by farmers in the north Texas areas after this pattern. 

A planter-cultivator combination has been worked out on the proj- 
ect. It permits the replanting of “skips” in the stand without chang- 

ng equipment. 

Regional coordination.—Through establishment of an annual defo- 
liation conference (April 1947) and the combined activities of a steer- 
ing committee and an information clearing house, it has been possible 
to-include State, Federal, and commercial research penne in the 


planning, execution, evaluation, and publication of all progress made 
in this field. 
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Requirements for defoliation efficiency —Cooperative research has 
made many advances relative to the best time to defoliate, and has 
shown just which weather and plant conditions are needed for effi- 
ciency. From one defoliant in 1947, suitable only for the dew belt, 
there are now seven available defoliants, some of which are efficient 
in the absence of dews. Much has been learned about proper timing, 
the specific weather needed, and the plant condition most conducive to 
defoliation. Annual published reports of progress keep research 
agencies, industrial concerns, and farmers advised relative to all ad- 
vances, and present guides for use of each defoliant within each of the 
different areas, 

F. SOME ADDITIONAL WORK NEEDED 


Additional studies of liquid fertilizers and application equipment, 
particularly with anhydrous ammonia and pesticides, are necessary to 
remove some of the present hazards and to make use of the materials 
more efficient. While some work is under way on equipment for ap- 
plying pesticides, the heavy damage during the current year empha- 
sizes the need of speeding up such research. Seedbed preparation 
studies in the different major soil types should be made throughout 
the cotton area. Previous studies on one soil type indicate that yields 
can be increased and labor requirements can be reduced by judicious 
selection and use of tillage equipment. Planting studies to reduce 
the need of blocking, and also to facilitate harvesting, are needed, and 
cultivation studies should be amplified to more effectively combat not 
only the common weeds but the troublesome grasses. Harvesting 
studies should be enlarged to permit the development of a low-cost 
mechanical harvester for use of the small farms. 

Basic principles of defoliant-leaf reaction—There is a need to 
determine why atmospheric condition and plant growth status affect 
the degree of defoliant absorption by the leaf. 

New defoliants needed.—The extreme efficiency of some nonprac- 
tical defoliants (such as ethylene) indicates that practical chemicals 
of greater efficiency may be found through intensive basic study of 
type compounds. 

CROSS REFERENCES—PRODUCTION 


(For work in cooperation with States on regional projects S—1 and S-2, see ch. 39) 


For additional information on subjects reported on in this chapter, 
see also: 


BAE No. a-1-4, Chapter 24, risk and insurance, 

BEPQ No. c-1, 2, and 3, Chapter 35, pink bollworm and Thurber’s weevil control. 

BEPQ No. I-e-8, Chapter 31, white fringed beetle investigations. 

BEPQ No. 1-m-3, Chapter 31, insecticide residues. 

BEPQ No. I-n-1, Chapter 31, treatment of plants and commodities regulated by 
pink bollworm quarantines, 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, toxicological effects 
of insecticides. 

BEPQ—Chapter 35, white fringed beetle control. 

BPISAE—a-1-8, Chapter 31, weed investigations. 

BPISAE No. b-11-2, Chapter 38, introduction and evaluation of plants including 
cotton fibers. 

BPISAE No. b-11-3, Chapter 18, introduction and evaluation of specialty crops 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—d-1+4, Chapter 22, soil management and cotton root rot. 

BPISAE—RM: h-48, Chapter 31, research on nematodes. 

BPISABE No. RM: b-57, Chapter 31, weed control investigations. 
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BPISAD, BEPQ No. RM: b-68—Chapter 30, equipment and formulations for 
insecticides. 

BPISAE No. RM: b-111, Chapter 38, introduction and testing of new plants, etc. 

BPISAE No. q-22, Chapter 38, plant disease survey. 

OES No. b-1-10, Chapter 38, plant introduction in Puerto Rico. 


B. UTILIZATION 


UTiInizATION INVESTIGATIONS ON Corron Lint! 


(BAIC—RRL-2-3, Subcommodity Project 1—Federal-State—Regular Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and extended markets and outlets for cotton lint 
and products derived therefrom. The current work is particularly 
concerned with applied research on the mechanical and chemical 
processing of cotton to provide new and improved products, to de- 
velop new techniques and equipment, and to reduce the cost of manu- 
facture. The practical objective of the research effort is to contribute 
to the improvement of the competitive position of cotton relative to 
other textile fibers and to other products. In addition, research on 
the fundamental chemical and physical properties and chemical modi- 
fication of. cotton lint is conducted to support the applied research 
and to provide basic knowledge for further applied research. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R S?arC h Pr o7ect RRL- D— ( $)- Lam L—O he m ical IT OCE ssing of cotton 
teatil ; ; : 
EXTUES 


RRL-2-(3)—C-4-1—Preservation of cotton fabrics against de- 
composition caused by weather and micro-organisms. To increase the 
durability of cotton fabrics in outdoor service (tents, awnings, sand- 
bags, cover cloths), by chemical treatments designed to protect them 
against the action of weather and of cellulose-destroying micro- 
organisms. This project has involved extensive cooperation with the 
United States Corps of Engineers and with the Quartermaster Corps 
in work on rotproofing and we atherproofing of cotton fabrics; with 
the Florida Agricultural Experiment Station in protective treat- 
ments for tobacco shade cloth; and with other Government and in- 
dustrial laboratories in developing standard testing methods. 

RRL-2-(3)-C-+4—2—Imparting crease resistance and related de- 

sirable properties to cotton textiles. To improve the resistance of 

cotton goods to creasing and wrinkling by the application of special 
finishing agents such as film- forming resins. Surveys have shown 
the gre vat economic importance to cotton apparel of crease resistance 
comparable to that of wool. 


A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial ( ‘hemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent rese arch projects, which correspond 

pproximately in scope to the regular work projects of other bureaus of the Department. 
Like ‘wise, under secs. D and E, research projects are used as the basis for reporting ex- 
penditures in 1950, and outstanding accomplishments. 


78552—51 vol. 1 1 
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RRL-2-(3)—C-+4-3—Chemical processing of cotton yarns or fab- 
rics on pilot plant scale. To coeis chemically modified or treated 
cotton materials on a semicommercial scale, thereby making available 
adequate supplies for laboratory research and commercial evaluation, 
as well as affording opportunity to develop practical processing meth- 
ods and to study costs, waste recovery, etc. 

RRL-2-(3)-C-+4—-Acetylation of cotton goods to make textile 
products with new and unusual properties. To investigate the funda- 
mental chemistry involved in the acetylation of cotton and to develop 
practical commercial methods of applying this type of treatment to 
cotton fibers, yarns, or fabrics, thereby producing cotton products that 
are highly resistant to rotting and to heat. 

RRL-2-(3)-C—4+-5—Mercerization characteristics of cottons of 
different varieties and growths. To determine the response of new 
varieties of cotton to mercerizing and dyeing treatments such as are 
employed in regular commercial processing. A large part of this 
work is being done in cooperation with the Bureau of Plant Industry, 
Soils, and Agricultural Engineering, the agency responsible for de- 
veloping new cotton varieties. 

RRL-2-(3)—-C-4-6—Development of heat-resistant textiles by mer- 
cerization and related treatments of cotton fiber, yarn, and cloth. To 
produce by mercerizing and similar types of chemical processing cot- 
ton products of improved resistance to heat and therefore more suit- 
able for use in articles such as tire cord, gaskets, and belting. 

RRL-2-(3)—C-4-7—Aminization of cotton goods to make textile 
products with new and unusual properties. To produce a cotton fiber 
with new properties by introducing amino groups into the cellulose 
molecule, so that the resulting material will possess useful ion-ex- 
change properties, have affinity for acid wool dyes that do not react 
with ordinary cotton, and be capable of reaction with various special 
finishing agents such as crease-proofing and rotproofing compounds. 


Research project RRLI-2-(3)-F-1—Relationship of chemical and 
physical structure of cotton fiber to technically significant prop- 
erties 

RRL-2-(3)—F-1-5—Comparative microscopic properties of cotton 
and competitive fibers. To observe and record microscopical charac- 
teristics of different cottons, of new chemical fibers derived from 
cotton, and of competing natural and synthetic fibers with respect to 
fiber shape and to yarn and fabric construction, and the influences of 
chemical and physical modification on these Pe Such obser- 
vations permit judgments to be made of mill performance, extent of 
modification in derived products, and sources of damage to individual 
fibers by different processing operations. 

RRL-2— (3)-F-1-6—Influence of chemical and mechanical treat- 
ments on certain physical properties of cotton fiber. Design of in- 
struments and development of methods for evaluating dimensional 
and mechanical properties of cotton fibers, and the determination of 
changes in these properties as the result of chemical and mechanical 
treatments. 

RRL-2—(3)-F-1-7—Relation between moisture content and physi- 
‘al properties of different varieties and types of cotton. To compare 
the moisture content of cottons having different physical properties 
in order to investigate the relation between moisture content and 
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such inherent properties of the cotton as maturity and noncellulosic 
impurities. One aim of this project is to find some method for esti- 
mating important physical properties, such as elasticity, which can- 
not be measured directly. 


Research project RRL-2-(3)-F-2—Improvement of cotton fiber 
properties 
RRL-2-—(3)-F-2-2—Structure of organic compounds in relation to 
the water a they impart to cotton textiles. To determine the 
relationship between the chemical structure of certain types of organic 
compounds and their ability to repel water, the aim being to deve ‘lop 
more satisfactory water-repellent finishes for cotton fabrics 


Research project RRL-2-(3)—F-3—Colloid properties of the cotton 
fibers 
RRL-2-(3)-F-3-3—Determination of the size of the individual 
crea in cotton cellulose. <A certain percentage of the molecules 
in the cotton fiber exist in an orderly arrangement of small crystalline 
bundles or crystallites. The size, number, and arr: angement of these 
crystallites are known to influence the chemical and mechanical prop- 
erties of cotton fabrics. This project is aimed at developing a quan- 
titative method for determining crystallite size, since there exists no 
satisfactory method at the present time. This will give a quick means 
of predicting the behavior of a sample of cotton when only a small 
quantity is available, as in breeder stocks. 
RRL-2-(3)-—F-8-4—Improving X-ray techniques for determining 
the crystallinity of cotton cellulose. Although the mechanical and 
chemical behavior of the cotton fiber depends on the crystalline strue- 
ture of the cellulose making up this fiber, the methods for determining 
this crystallinity are cacanahia ‘tory. It is the aim of this project to 
use the newly developed X-ray spectrometer for the determination of 
the degree of crystallinity of cotton cellulose. 
Research project RRL-2-(3)—-F-4—Nature and prevention of deqgra- 
dation in cotton fiber 
RRL-2—(3)—F—4—5—Acction on cotton of acids in alcoholic media. 
The action of acids on cotton is an important subject. When not con- 
trolled, it causes loss of strength, yet many of the commercial finishing 
agents require acid conditions for proper application. Also, acid 
degradation has been proposed as a method of measuring the degree 
of crystallinity and thus indirectly the useful properties “of different 
types of cotton. It is known that the action of acids on other ma- 
terials is different in methyl alcohol from what it is in water. The 
principal aim of this project is to investigate the action of acids in 
methyl aleohol upon cotton cellulose, to determine whether the use of 
this solvent would have advantage over the use of water. 
Research project RRL-2-(3)-F~—Chemical derivatives of 
fiber 
RRL-2-(3)—F-5-4+—Imparting new properties to cotton by car- 
hoxpulieriation. By reaction with chloracetic acid to produce a 
carboxymethylated cotton with new properties of increased water 
absorption or water solubility, and to investigate the usefulness of the 
products including their further chemical reaction. There is cooper- 
ation with several industrial concerns in applying this process to the 
commercial production of a soluble cotton yarn for specia iy aes. 


cotton 
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RRL-2-(3)—F-5-5—Formation of cation-exchange material from 
cotton by reaction with certain high molecular weight derivatives of 
phosphoric acid. To develop laboratory methods of preparing highly 
phosphorylated cotton products and to determine the potentialities 
of the products as cation-exchange materials with the intention of pro- 
viding new uses for cotton in ‘the expanding ion-exchange field of 
chemical industry. 

RRL-2-(3)- F-5-6— Improving cotton fiber properties by treat- 
ment with isocyanates. To investigate the formation of cellulose 
urethanes by the reaction of cotton with isocyanate compounds and to 
determine the effect of such reactions on the physical and chemical 
properties of cotton fibers. The aim of this project is to obtain a 
modified cotton with improved properties, such as water repellency, 


Research project RRL-2-(3)-P-1—Development of cotton products 
to ware specific use requirements 
RRL-2-(3)—P-1-2—Experimental manufacture of cotton prod- 
ucts for eee research projects. To design and manufacture experi- 
mental cotton products having properties needed in the investigations 
described in other research line projects listed herein. 


Research project RRI-2-(3)-P-2—General relationships between 
fiber, yarn, and fabric properties 

RRL-2-(3)-P-2-1—Influence of cord construction on tire cord 
properties. To determine the effect of twist and number of strands 
in cotton tire cord on its tensile strength, elongation, and fatigue life, 
as a basis for developing improved types of cotton tire cord. The 
evaluation of the cord by means of laboratory tests is carried out in 
cooperation with tire cord manufacturers. Under a formal cooper- 
ative agreement a tire manufacturer is conducting practical evalua- 
tion tests by manufacturing tires using experimental cords and deter- 
mining tire per formance on a test wheel. 

RRL-2-(3)—P-2-2—Effect of fiber structure and strength on 
processing techniques and physical properties of resultant textiles. 
To determine the influence of fiber strength on the physical properties 
of cotton yarns and other products, so that cotton breeders can give 
this property proper consideration in their breeding programs ‘and 
cotton spinners will be aided in selecting cottons having the strengths 
required for specific purposes. This work is conducted under formal 
cooperation with the Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering. 

RRL-2-(3)—P-2-3—Effect of fiber fineness on processing tech- 
niques and physical properties of resultant textiles. To determine 
the influence of fiber fineness on processing techniques, appearance. 
strength, and other physical properties of yarns and fabrics to guide 
cotton breeders and supply spinners with information that will assist 
them in selecting cottons to meet the requirements of specific end 
uses. This work is conducted under formal cooperation with the 
Bureau of Plant Industry, Soils, and Agricultural Engineering. 
Research project RRL-2-(3)—P-8—New and improved cotton proc- 

essing machinery and testing equipment 

RRL-2-(3)—P-3-5—Development of a machine for opening lint 
cotton for textile processing. To develop new and improved equip- 
ment for opening and fluffing baled cotton, in order to increase trash 
removal in the mill by ¢ onventional textile cleaning machines. 





COTTON, COTTONSEED, AND OTHER FIBER PLANTS 797 


RRL-2-—(3)—P-3-6—Miscellaneous short-time machinery and 
apparatus developments. To develop new equipment, or modify 
existing equipment, needed in connection with research on increasing 
cotton utilization. This project covers short-term investigations not 
requiring extended effort on any one development. 


RRL-2-(3)-—P-3-7—Development of new weaving equipment. To 
develop a practical attachment for existing cotton-textile looms to per- 
mit weaving extremely dense fabrics that will have materially im- 
proved resistance to penetration by wind and water and therefore a 
wider field of utilization. 


Research project RRL 2-(3)-P-4—Utilization of cotton and com- 
peting fibers and products 

RRL-2—(3)-P—4—-1—-Miscellaneous short-time surveys and apprais- 
als on the utilization of cotton and competing fibers and products. ‘To 
secure, analyze, and interpret economic and technological information 
to guide cotton utilization research. Certain phases of this work 
have been done in cooper ation with the National Cotton Council. 

RRL-2-(3)—-P-4-2—Surveys and appraisals on the use of cotton 
and competitive produc ts in tire cord. To secure, analyze, and inter- 
pret technological and economic information relative to the utiliza- 
tion and performance of cotton and competitive products in tire cord. 


Research project RRL-2-(3)-P-5—Processing organization and tech- 
niques as they affect quality and manufacturing costs 
RRL-2-(3)-—P-5-1—Draft proportionment on long-draft roving 
frames for maximum roving uniformity. To determine the most effi- 
cient distribution of draft ratios on various types of long-draft roving 
frames to improve machine performance and to obtain maximum prod- 
uct unifor ae in proc essing medium- and short-staple cottons. 
RRL-2-(3)-P-5-2— Effect of high-drafting roll speeds on drafting 
at the io. ing processes on the quality of cotton yarn. To determine 
the practicability of employing higher-than-usual roll speed in the 
drawing process as a means of reducing manufacturing costs while 
improving or maintaining the quality of the yarn produced. 


Research project RRL-2-(3 ciihdelmatitical, physical chemical, 
and physical investigations of cotton lint 

RRL-2-(3)-A—4-1—Analytical, physical chemical, and physical 
investigations of cotton lint and cotton lint products. To assist the 
investigations described in other line projects of this report in the 
following ways: (@) By providing miscellaneous analytical services, 
physical chemical measurements and research services, specialized 
physical measurement services, and textile testing services; (4) by 
Improv ing existing, and developing new, evaluation methods; and (¢) 
by obtaining data on chemical composition and physical properties. 

RRL-2-(3)—-A—4-5—P hysical chemical investigations of the cel- 
lulose- outa relationships in cotton. To investigate the nature of 
the relationship between water and the cellulose in cotton. To assist 
in improving cotton textiles with respect to water resistance by use 
of physical-chemical techniques and principles such as those for de- 
termining nonfreezing water and porosity. 

RRL-2-(3)—A- 4-7-—Noncellulosic constituents in raw cotton fiber. 
To assist in the solution of the problems connected with the process- 
ing of cotton by determining the noncellulosic constituents present 
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and by determining the amounts of these constituents as influenced 
by such factors as variety of cotton and weathering before picking. 

RRL-2-(3)—A-4-11—Lubrication of tire cord. To improve the 
performance of cotton tire cord at elevated temperatures by the use 
of lubricants. The treatments have been evaluated through the infor- 
mal cooperation of several tire manufacturers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies on the utilization of cotton were initiated on a very lim- 
ited scale in the Department of Agriculture about 1927, following 
enactment of legislation by the Sixty-ninth Congress, authorizing and 
directing the Secretary of Agriculture and the Secretary of Commerce 
to conduct scientific research on cotton with a view to extending pres- 
ent uses and discovering new uses. The studies were of an economic 
nature until 1929 when a cooperative agreement was entered into 
with the North Carolina State College to use its textile equipment 
for processing research on developing new cotton products. 

This program of economic a experimental work in the Bureau 
of Agricultural Economics continued until 1939. Most of the work, 
however, was concerned with the acquisition of reliable information 
on the quantities of cotton consumed in hundreds of different end 
uses. With a view to broadening the outlets and expanding utiliza- 
tion of cotton and other crops, Congress in 1938 authorized the estab- 
lishment of the four regional research laboratories of the Bureau of 
Agricultural and Industrial Chemistry. Following a Nation-wide 
survey to ascertain the research then under way and te determine 
the type of research which should be conducted, a program of funda- 
mental and applied nature was undertaken on the chemistry and 
utilization of cotton and cotton products. 








D. FUNDS—-ANNUAL EXPENDITURES 
2xpenditures on utilization research on lint cotton in the Bureau 
of Agricultural Economics during the period 1927-39 averaged about 
$30,000 annually. 

During the 1941-49 period, annual expenditures on cotton in the 
Bureau of Agricultural and Industrial Chemistry ranged from $158,- 
000 in 1941 to $671,000 in 1949, and averaged $520,000. The expendi- 
ture in 1950, amounting to $646,500, was apportioned among the dif- 
ferent research projects as follows: C—4, $180,000; F—1, $41,000; F-2, 
$30,500; F-8, $51,000; F—-4, $30,500; F—5, $51,000; P-1, $22,000; P-2, 
$28,000: P-3. $53,000; P-4, $15,000; P-5, $29,500; A—4, $115,000, 






E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Research project RRL-2-(3)-C-4 

Preservation of cotton fabrics against decomposition caused by 
weather and micro-organisms.—Rotproofing treatments formulated 
and applied to standard army cotton sandbags were shown, in com- 
parative exposure trials, to extend the useful life of the bags approxi- 
mately twenty times beyond that of bags made from untreated cloth. 

The technique of accelerated soil burial testing that was developed 
to evaluate rotproofing treatments is incorporated in current Army 
and Federal testing specifications. This work was carried on inten- 
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sively during World War II in cooperation with the United States 
Corps of Engineers, and contributed significantly to the successful 
procurement by that agency of approximately 250,000,000 yards of 
effectively protected fabrics. 
Treatment of tobacco shade-cloth with lead chromate, a process now 
commercially available, was shown by field trials conducted in north- 
ern Florida to make possible at least one extra season’s use of the 
fabric. 
Chemical processing of cotton yarn or fabric on pilot-plant scale.— 
Work on this project has shown that chemical modification of cotton 
materials by such processes as acetylation, aminization, and phosphory- 
lation can be carried out successfully with standard cotton textile fin- 
ishing machinery. Many hundred yards of medium and heavy weight 
fabrics have been processed in this way to supply ample material 
for research in the laboratory and for evaluation tests by interested in- 
dustrial firms. Considerable quantities of cotton yarns have also been 
handled, and adaptation of existing equipment has made possible the 
successful treatment of cotton in lint form, including the recent partial 
acetylation of fiber for special use in quilted garments required for 
the Armed Forces. 
At the request of the Research and Development Laboratories of 
, the Philadelphia Quartermaster Depot, United States Army, these 
f pilot-plant facilities are now engaged in treating several thousand 
yards of cotton fabrics with selected fungicides and a water repellent 
in closely controlled concentrations. This work is being done in coop- 
eration with extensive field exposure trials of the treated fabrics. 

D Utilizing the same equipment as that employed for regular finishing 

procedures, it has been possible to convert low-grade cotton osnaburgs 
and bag sheeting into useful and attractive fabrics that have shown 
excellent wearing qualities, as dress goods and household furnishings. 
This development opens new uses for low-grade cotton products and 
enhances their potential commercial value. 

Heat and rot resistant cotton goods made by partial acetylation.— 
The excellent mildew- and rot-resisting qualities of this chemically 
modified cotton have been demonstrated in many practical tests. 
Yarns and fabric samples retained the greater part of their original 
strength through months of exposure to conditions of mildew and 
soil-contact rotting that destroyed untreated cotton in 1 week. Tests 
carried out on the coast of North Carolina have shown this product 
to be equally resistant to marine organisms. Fish-net twine made 
from partially acetylated cotton retained 85 percent of their original 
strength after 8 months of continuous immersion in salt water, while 
untreated cotton twine disappeared after 1 month and the best type 
of tarred twine was destroyed in 6 months. 

This product also possesses unusual resistance to heat. Practical 
trials in commercial laundries have shown that roll and press table 
covers made of partially acetylated cotton fabric last four or five 
times as long as untreated cloth of similar construction. A number 
of industrial firms are studying the process, with a view to com- 

j mercial production. It is anticipated that acetylated cotton may 
also go into markets not now served by cotton, and thus expand end 
use and consumption. Two industrial concerns are considering the 

manufacture of acetylated cotton. 
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Mercerization characteristics of cotton.—Of outstanding importance 
to the cotton-textile industry is the present intensive development 
of new and better varieties of cotton. The complete evaluation of 
a new variety requires, among other things, a knowledge of the manner 
in which it responds to mercerization—a treatment ~ widely used in 
cotton finishing. Since only limited amounts of the new cottons are 
grown at first, the quantities of yarns and fabrics available are usually 
insufficient for commercial trials, and investigation of their mercer- 
izing properties must be made on laboratory scale. Under this 
project special equipment has been devised to permit mercerization 
of yarn samples with closely controlled conditions and automatic 
accurate recording of the tensions developed in the yarns during 
treatment. The lustrous properties of the yarns can then be esti- 
mated by both visual and instrumental means. This method has 
been used successfully to determine the mercerizing properties of 
two new irrigated California cottons, in comparison with a standard 
rain-grown variety, and is available for the examination of new 
varieties as they are produced. Thus the new technique has acceler- 
ated the research on new varieties of cotton. 

A comparison of commercial bleaching methods.—A detailed study 
of the processing steps employed commercially in desizing, singeing, 
kier-boiling, and bleac ‘thing a selected cotton sheeting showed the 
effects of these steps on the color , strength, and chemical composition 
of the fabric. This inv estigation made clear the safe limits of opera- 
tions for the different bleaching methods employed. These results 
are of definite value to the industry. 

Improved cotton bandage fabric.—A semielastic all-cotton bandage 

fabric produced during World War II met with such approval in 
hospitals and clinical tests that it was necessary to prepare approxi- 
mately 30,000 unit rolls of this bandage to meet the demand of a local 
Navy “hospital. The bandage is outstanding for mild-pressure dress- 
ings, and it permits movement of bandaged | joints without restricting 
circulation. It was particularly effective in cases involving bone 
surgery, its special elastic properties in this use being considered by 
surgeons to excel those of any other obtainable bandage. Commercial 
production of this article was considered by bandage manufacturers, 
but has not yet been actually carried out. 

New cotton products by chemical modification —New and useful 
properties are imparted to cotton materials by chemical treatments 
which unite different groups with the cellulose molecule and thus 
change its composition without destroying the fibrous structure. 
Several of these chemical treatments have been carried out success- 
fully on both laboratory and pilot-plant scale with cotton fiber, 
yarns, and fabrics. There have been produced in this way, in addi- 
tion to acetylated cotton, amino compounds of cotton, phosphate 
compounds, and cotton containing carboxymethyl groups. 

One interesting result of such modifications of cotton is the change 
usually caused in its dyeing properties. The aminized product, for 
example, not only dyes deeper with the ordinary direct cotton dyes 
than does normal cotton, but it also shows affinity for the brighter 
colored acid wool dyes with which the latter does not normally react. 
This suggests the possibility of obtaining a new range of attractive 
colors on cotton textiles. 
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Another striking property of these new cottons is the ion-exchange 
capacity several of them possess. This means that the modified cotton 
can remove traces of acids, alkalies, or metal compounds from solu- 
tions or gases in the same way that certain zeolites and synthetic resins 
operate to remove dissolved minerals in water-softening processes. 
There appears to be considerable promise that these ion-exchange 
materials, in fiber or fabric forms, will find commercial use. 

Additional useful properties of chemically modified cotton products 
are described under research projects F-2 and F-5. 

Research project RRL 2-(3)-F-1 

Single-fiber strength tester and other new techniques.—A single- 
fiber tester for determining the tensile and elastic properties of indi- 
vidual cotton fibers makes available an important means of evaluating 
basic physical properties. It is a valuable tool in associating the 
properties of fibers with those of yarns and fabrics made from them. 
This is one of a variety of techniques developed which permit the 
acquisition of more complete knowledge of the intimate basic physical 
properties of cotton. Other such techniques include improved methods 
of measuring bundle strengths of fibers, an improved instrument and 
technique for measuring flexural fatigue of cords, and several micro- 
scopical methods for determining differences in the behavior of differ- 
ent cottons. 

Nature of fiber lumen contents —The proteinaceous nature of the 
contents of the cotton fiber lumen (central cavity) has been definitely 
established, and several of the constituent amino acids have been iden- 
tified. This fundamental information will have considerable value 
in purification processes of cotton and of modified cotton. The work 
illustrates the type of basic study that is a necessary prelude to 
advances in applied research. 

Research project RRI-2-(3)—F-2 

Improving the permanent flame resistance of cotton.—Cotton cloth 
cannot be made completely fireproof, but it can be made resistant so 
that it will not continue to burn when the source of flame is removed. 
Several methods of improving this quality of cotton have been devel- 
oped, although none of them is entirely satisfactory. 

The first method developed produced a permanent flame resistant 
finish, but was too expensive for commercial application. A second 
process developed was less expensive and is suitable for outer garments 
and industrial fabrics. The second treatment is quite fast to launder- 
ing and has an excellent “hand” even with light fabrics. Public service 
patents have been obtained on both processes. 

Treatment of cotton with phosphoric acid derivatives produces a 
flame-resistant product, but it is generally accompanied by loss of 
fabric strength. ‘This disadvantage was reduced by the use of new 
phosphoric acid derivatives which react with cotton under less severe 
conditions of heat and acidity. The phosphorus-containing cottons 
also have other desirable properties which have been mentioned under 
research project RRL-2-(3)—-CHt. 

Water repellency test—A method has been developed which meas- 
ures differences in the water repellency of textile finishes. By this 
method the finish is tested against a series of aqueous solutions having 
different surface tensions. Finishes which are wet only by solutions 
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of low surface tension are more repellent to water. This technique 
permits a more accurate evaluation of water-repellent finishes than 
is possible with other methods. 

Research project RRL-2-(3)-F-3 

Methods of evaluating ultimate utility of cottons—While cotton is 
sold on the basis of fiber length and arbitrary grade standards, its 
ultimate utility is determined by a variety of properties which are 
difficult to measure on small samples. It would be of advantage to 
purchasers of cotton to have additional and significant evaluation 
tests. It is also of particular importance to the plant breeder to have 
evaluation techniques which are suitable for very small samples of 
cotton. Methods developed here for evaluating the fine structure of 
cotton are suitable for this purpose. To determine the average length 
of the molecule, improved methods have been developed for the deter- 
mination of the viscosity of cotton cellulose dissolved in certain com- 
plex solutions with copper. For the determination of the degree of 
crystallinity of cotton cellulose a useful method involving the action 
of acids has been devised. The swelling of bulk cotton with water 
has also been correlated with its fine structure and mechanical and 
chemical behavior. 

Research project RRL-2-(3)-F-4 

Action of heat on cotton tire cord.—As one means of predicting the 
behavior of cotton cords in tires, the effect of heat on the cord was 
investigated. Studies were carried out on bare cords and on cords in 
various stages of tire manufacture. Rayon was found to degrade 
more than cotton from the effect of heat. A rubber coating on the 
cord provides some protection against degradation. 

Reduction of light sensitivity of cellulose-ether plastics and fin- 
ishes.—Studies on the action of methyl alcohol and acid on cotton 
have shown that the reaction product 1s more stable chemically than 
when water is used instead of alcohol. This information is being used 
on a trial basis by a large chemical company to produce cellulose 
ethers of improved stability to air and light. It is of value to the 
cotton industry since these ethers are made from cotton linters and 
are used in finishes for cotton textiles. 

Research project RRL-2-(3)-F-5 

New process for stabilizing guncotton.—In research during World 
War IT on the suitability of cut-staple cotton as a supplement for 
linters in the manufacture of smokeless powder, a new process was 
developed for stabilizing nitrocellulose, on which two public service 
patents have been granted. The essential feature of this process is 
the use of small quantities of ammonia in the wash water after the 
nitration step. Adoption of the ammonia stabilization process reduces 
the time to one-third of that formerly needed for the manufacture of 
guncotton. There is a corresponding saving in cost and—of greater 
importance in wartime—a sizable decrease in the facilities and of the 
area required for a nitration plant. Large-scale tests by the Navy 
Department have shown that the new process has promise. 

Water-soluble cotton yarn ——A new product has been developed 
which is arousing considerable interest among industries in need of an 
easily removable scaffolding yarn for knitting and weaving operations 
and for certain uses in food packaging. This product is obtained by 
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treating cotton yarn with two inexpensive chemicals, chloroacetic 
acid and alkali, to form carboxymethylated cotton. The treated yarn 
retains its original appearance and strength, but readily dissolves in 
water. It is the first known example of a soluble cotton yarn with 
good dry strength. Several firms are considering its production. 

Cotton goods given a milder carboxymethylation treatment are not 
soluble, but do possess increased reactivity, water absorption, and 
ion-exchange capacity. The ion-exchange capacity of these materials 
has been discussed under research project RRL-2—(3)—C-4. Fabrics 
of this type have been produced experimentally by the textile industry 
using data obtained in the above research. 

Research project RRI-@-(3)-P-1 

Standard cotton bale covering.—A satisfactory lightweight cotton 
bagging was developed as a substitute for the coarse heavyweight jute 
bagging commonly used as a cover on American cotton bales. This 
cotton bale cover has the following advantages over the coarse jute 
bagging: (1) Economies in transportation; (2) cotton lint does not 
adhere to cotton bagging as tenaciously as it does to bagging now 
generally used; {3) no contamination of cotton with other fibers; 
(4) greater reuse value; (5) increased consumption of cotton; and 
(6) tends to obviate the costly practice of challenging and taring 
\merican cotton in spinners’ markets. Approximately 44,000,000 
yards, equivalent to about 77,000 bales, were purchased under diver- 
sion programs to make the new bagging, which stood up satisfactorily 
under all service conditions. The present practice of marketing cot- 
ton on a gross weight has discouraged the use of lightweight covering. 
This circumstance, plus the fact that cotton bagging is usually more 
expensive than jute bagging, has prevented the widespread use of 
cotton bagging. This research will materially assist in capturing a 
potential market for 125,000 bales of cotton annually when the practice 
of selling cotton on a net weight basis is adopted. 

Low-stretch cotion twine for postal service —Ordinary cotton twine 
is unsatisfactory for tying letter mail because it stretches and allows 
the letters to become loose and the package to fall apart. A low- 
stretch cotton twine developed for the purpose proved entirely satis- 
factory under service conditions. Considerable quantities were used 
by the Post Office Department during the years when the difference 
in price between cotton and jute was not excessive. 

Probeable cotton bags for free-flowing seed—Since conventional 
cotton fabrics are not entirely suitable for packaging free-flowing seed 
because of the need for drawing samples from the bags, a new and 
more suitable fabric has been designed. The yarns of the new fabric 
can be easily displaced by the sampling probe, but after sampling, 
the displaced threads readily return to their original positions. Bags 
made from the new fabric have been used for marketing considerable 
quantities of free-flowing seed, such as Austrian winter peas and hairy 
vetch. A large bag manufacturer has used the results of this develop- 
ment in producing a bag having several probeable stripes. This 
stripe bag was well received by seed distributors, and sizable quantities 
of cotton are consumed in this use. 

Duplex cotton bags.—A cotton bag having an open-mesh section for 
inspection of its contents, and a close-mesh section for effectively carry- 
ing the brand name, was developed and a public service patent ob- 
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tained. This product was well received by the trade for packaging 
citrus fruits and certain types of vegetables and nuts. More than 

2,000,000 bags of this type were used during the first 2 years. The 
sopialanitey of the bag increased steadily until it accounted for 63,- 
000,000 yards of fabric in 1946, the last year for which figures are 
available. This development has contributed materially to making 
cotton bags more competitive with similar-type bags made of twisted 
paper. 

Improved cotton tire cord.—Varieties of cotton differ widely in 
properties such as strength and fineness. Such variation affects the 
physical properties and ‘serviceability of yarns and cords. In order 
to determine which cottons were most suitable for use in tire cord, 
five commercial varieties, selected for their strength and staple length, 
were investigated. Cords made from each variety were fabricated 
into tires, which were fleet-tested by both the Army and the Govern- 
ment tire testing fleets. As compared with commercial tire cord, two 

varieties (Wilds 13 and SxP) were found to give superior perform- 
ance in tires, and one other variety (Stoneville 2-B) gave excellent 
service. This study demonstrated the feasibility of obtaining superior 
tire cord performance through the careful selection of cottons, 
Research proje ct RRL-?-(3)—P-2 

Effect of fiber fineness on yarn quality and production rates.—Two 
important properties, fiber fineness and fiber length, are inherently 
highly correlated; hence it has been difficult to assess independently 
the contribution that each makes to yarn strength and spinning per- 
formance. The development of a technique for cutting cottons of dif- 
ferent lengths and finenesses to the same length pattern has made it 
possible for the first time to evaluate independently the effect of fine- 
ness. Studies of the effect of this property on yarn quality and proc- 
essing techniques showed: (1) Fi ther fineness had little or no effect 
on yarn elongation; (2) fine-fibered cottons gave yarns of higher 
strength than did coarse-fibered cottons in all the counts spun (16's, 
24’s, 36’s, and 50’s), and with the higher counts the differences were 
more marked; (3) fine cottons responded much more quickly to twist 
than did coarse cottons—that is, the yarns attained maximum strength 
with lower twists, and after reaching maximum strength lost strength 
much more rapidly with increases in twist than did yarns spun from 
coarse fibers. 

These results will guide cotton geneticists in giving fiber fineness 
proper consideration in their breeding selections, and will aid manu- 
facturers in the selection and processing of cottons for specific end uses. 

Influence of cord construction on tire cord properties.—Service- 
ability of a cotton cord for use in pneumatic tires is affected not only 
by the fiber properties of the raw cotton used, but also by the turns 
per inch of twist in its component parts, and the number of strands 
used in making up those parts. 

Fifty-four cotton tire cords with different combinations of twist 
in the component parts were exhaustively studied. The investigation 
was conducted with the aid of an electronic device of high precision 
for measuring physical properties not normally determined. As a 
result of this study, mathematical expressions were derived showing 
the relationships of tensile strength, stiffness, and flex life with various 
combinations of twists; and the relative effect of the addition of one 
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turn per inch of twist in the component parts was established. A 
mathematical formula was developed as a guide for selecting proper 
twist combinations for the construction of cords with the desired ten- 
sile strength and other physical properties needed for a more service- 
able cotton tire cord. 

Research project RRL-2-(3)-P-3 

High-capacity cotton cutter—The possibility of a serious shortage 
of linters during World War II showed the need for equipment for 
cutting surplus low-grade short-staple cotton into lengths suitable 
for the preparation of chemical cellulose—a material vital to the 
production of high-grade smokeless powder. The Armed Forces re- 
quired large amounts of nitrocellulose from cotton for use in pro- 
pellants for rocket and artillery shells. The successful development 
of a cotton cutter of 10 tons per hour capacity gave assurance that an 
adequate supply of such powder would be available, if needed, for this 
or any future emergency. 

Aside from its importance for military uses, the machine has con- 
siderable promise for peacetime industrial applications. It has been 
socdetnbally used by a manufacturer of specialty cellulose pulps for 
paper and may open a new field of use for cotton waste. The equip- 
ment also has potential use for cutting fibrous residues from agricul- 
tural crops. 

New-type cotton opener—Going into industrial use at textile mills 
is a radically different and more efficient machine which opens and 
fluffs matted masses of cotton and puts it in a condition like that of 
loose lint before it is baled at the gin. With exceptionally high capac- 
ity for its size, this small, compact opener permits better cleaning of 
mechanically harvested and other trashy cottons in textile mulls. 
Despite its high-speed operation, the new opener does not increase the 
formation of neps (entangled fibers), nor affect the grade or strength 
of yarns. The machine is a valuable contribution to the textile indus- 
try, because cleaning of cotton is becoming more important as the 
market receives increased amounts of trashy cotton due to mechanical 
harvesting. About 16 percent of the 1950 cotton acreage was mechani- 
cally harvested. 

Within 1 month after public announcement of the development of 
the opener, numerous domestic and foreign textile manufacturers ex- 
pressed interest in installing this equipment, and a textile machinery 
manufacturer is preparing to produce the opener for sale. A manu- 
facturer of cotton textiles is constructing an opener for use in their 
plant under a nonexclusive license. A special feature of the opener— 
a new system of removing lint cotton from rotating toothed cylin- 
ders—has attracted the interest of the cotton-ginning industry. ~ 

Constant-tension tire-cord stretching machine—Cotton cord for 
automobile passenger car tires is put through a stretching process in 
order to reduce elongation and increase strength. Improved equip- 
ment for stretching cord has been developed and patented. With it 
a more uniform cord has been produced, thereby improving the com- 
petitive position of cotton. Offered to industry, the new machine was 
used experimentally by a number of tire-cord and belting-cord manu- 
facturers. Its industrial adoption has been retarded because manu- 
tacturers hesitate to invest in new equipment for processing cotton 
cord because rayon, largely due to its lower price, is rapidly replacing 
cotton In passenger car tires. 
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Improved method of measuring textile product uniformity.—Sig- 
nificant improvements have been made to increase the accuracy and 
speed of measuring the physical properties of textile products. Stim- 
ulated by an idea proposed by a textile manufacturer, a practical 
method was devised to replace the graphic recording device on a 
conventional textile-uniformity sliver-testing machine with a system 
of electrical counters which automatically tabulate the test data and 
put it into a form to facilitate statistical analysis. Not only is the new 
method twice as fast as the usual strip-chart method, but it provides 
many more measurements on the same length of textile product to give 
increased accuracy of results. The electrical counting device, a valu- 
able tool for textile mills and research laboratories, has a number of 
applications in improving the quality of cotton textile products. 

Electronic drying of textile products—Application of modern 
scientific methods of generating high-frequency radio waves resulted 
in the development of equipment for converting this type of electrical] 
energy into heat energy within cotton textile materials. A basic design 
of apparatus was patented for electronic drying of cotton yarn, cord, 
or fabric in a continuous process as compared with batch processes 
of this method previously used. The new apparatus is more efficient 
than any other equipment of similar nature. Adoption by the textile 
industry for improving product quality depends on reductions in the 
cost of electrical power for electronic high-frequency heating. 

Development of anew machine for slashing cotton textile warps.— 
A new type slasher has been developed that represents a progressive 
step in designing textile equipment on modern scientific principles. 
The machine was designed to produce higher quality sized warps 
needed for more efficient weaving. Weaving is an extremely important 
factor in textile mill operations, representing upwards of 40 percent of 
manufacturing costs. The new slasher provides more uniformly sized 
and dried yarns, with closely controlled elongation properties. It has 
several outstanding features, such as a novel method of cooking and 
applying the size solution, an original design of radiant-convection 
oven, with over-all drying efficiencies approaching 80 percent, and 
an electronically controlled direct current multimotor drive system 
providing automatic regulation of yarn tension. The slasher is cov- 
ered by four patents pending or issued. 

Apparatus for evaluating cotton textile warps—Evaluating warp 
size formulations and warp quality usually requires weeks of testing 
on many looms in a textile mill. The construction of a simple appara- 
tus which simulates the action of a loom has provided a successful 
method for evaluating size solutions and slashing techniques within a 
few hours’ time at little expense. Valuable to industry as well as 
research, the new apparatus fills a definite need for a quick means of 
determining sized warp quality. 

Loom attachment for weaving dense fabrics —The development of 
a commercially practical attachment permits the use of conventiona! 
textile looms for weaving cotton fabrics having an unusually large 
number of filling threads per inch. The new tightly woven fabrics are 
extremely water- and wind-resistant, and make available a greatly 
improved material for outer wearing apparel, certain military fab- 
rics, and for industrial uses such as tarpaulins and tentage. The 
attachment is simple and inexpensive to construct, and does not affect 
the operation of the loom with respect to weaving normal fabrics. 
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Research project RRL 2-(3)-P-4 

Research to determine the economic and technological factors which 
influence the consumption of cotton in specifie end-use markets —In 
1927 the Department initiated a continuing program of economic 
research on cotton utilization. Detailed studies were made of selected 
end-use markets to determine the quantities, grades, and staples of 
cotton consumed in industrial, clothing, and household uses and to 
provide information on competitive factors which influence these mar- 
kets. In 1940, this type of cotton research was geared to the needs of 
BAIC, and has been of definite aid in selecting specific projects, such 
as tire-cord development and cut lint for nitrocellulose. 

Consumption of fibers and cotton’s competitive position —Compre- 
hensive basic data on the consumption in the United States of econom- 
ically important natural and man-made fibers have been brought to- 
gether in a detailed report entitled “Trends in the Consumption of 
Fibers in the United States, 1892-1946.” In addition to this report, 
two studies, one entitled “Survey of Development and Use of Rayon 
and Other Synthetic Fibers,” and the other “Synthetic Fibers and 
Paper as Competitors of Cotton,” have been published. These re- 
ports have served as a guide in the conduct of research on the utili- 
zation of cotton by bringing together and presenting in simple form 
the gist of a large amount of widely scattered information, both pub- 
lished and unpublished. The information has shown where cotton is 
losing markets, and has pointed the way toward research which would 
aid cotton in maintaining its competitive position with man-made 
fibers and paper. 

Survey of postwar agricultural and economic problems of the Cotton 
Belt—A short-term economic research study on “postwar agricultural 
and economic problems of the Cotton Belt” was participated in with 
other agencies of the Department of Agriculture, with land-grant 
colleges of the South, and with other organizations interested in the 
South. This project, which was one of the most comprehensive efforts 
yet made to bring together information relating to the economic prob- 
lems of cotton and southern agriculture, included cotton-goods produc- 
tion, distribution techniques, costs, and margins; the competitive posi- 
tion of cotton in specific end-use markets; and the present status of 
synthetic textile products. This cooperative economic study, spon- 
sored by the Marketing Subcommittee of the House Committee on 
Agriculture, gave a clearer understanding of the competition faced by 
cotton and was of value in the formulation of general research, mer- 
chandising, and other programs on cotton. 

The market for cotton textiles in bags was discussed in a report 
which analyzed the production, consumption, demand, price, and qual- 
ity of textile bags in general and of cotton bags in particular. The 
analysis showed that cotton’s initial price disadvantage with relation 
to competitive materials can best be overcome through continued re- 
search and promotion of quality bag fabrics having desirable re-use 
and salvage values. Since this report was issued, the textile-bag 
industry has increased the use of cotton through “pretty print” fabric 
designs in feed and fertilizer bags which can be utilized in wearing 
apparel and household furnishings. 


Research project RRL-2-(3)-A-4 
Improved guide for draft ratios on long-draft roving frames.—The 
draft obtained on textile roving frames is determined by changing the 





808 AGRICULTURAL RESEARCH AND RELATED SERVICES 


gears on the machine. The use of commercially available draft-guide 
tables for selecting the gears resulted in nonuniform roving, which 
lowered the quality of the spun yarn. Improved draft ratios have 
been worked out for long, fine-fibered cotton on long-draft frames 
which have been sufficiently adopted by industry to demonstrate the 
practical utility of the guide. Many mills have reported that its use 
resulted in higher-quality products and improved machine efficiency. 

Improving quality and lowering yarn cost by better draft distribu- 
tion—Manufacturing medium-coarse yarns with exceptionally high 
strength for a low twist was achieved through a carefully planned 
distribution of draft among the drawing, roving, and spinning proc- 
esses. Yarns of this type were found to be particularly suitable for 
the manufacture of an improved tire cord. Nasvielas ained from 
this study of draft distribution has made it possible to eliminate one 
drawing process in the manufacture of yarn, thus reducing processing 
cost without sacrificing quality. 

Research proj ct RRL-2-(3)-A-4 

The major portion of the work under this project consists of ana- 
lytical chemical, physical chemical, physical, and textile evaluation and 
testing services of routine or specialized nature for investigations con- 
ducted under the other line projects on cotton. 

New and improved analytical chemical methods.—To provide ade- 
quate means of determining the chemical composition and evaluating 
the properties of cotton and its products, existing methods have been 
improved and new ones have been developed. The methods developed 
include: Determination of copper in cotton textiles treated to prevent 
mildew; determination of acidity of textiles; determination of com- 
bined formaldehyde in organic compounds; determination of small 
amounts of sulfate in cellulose esters; determination of glycosidic 
methoxyl in cellulose derivatives; determination of ion exchanger 
capacity; determination of pectic substances in cotton; detection of 
honeydew on cotton; and detection of trace quantities of nitrogen. 

These analytical methods are useful as evaluation tools in research 
and control in many organizations concerned with the properties and 
utilization of cotton. 

Physical methods of evaluation—The evaluation of textiles has 
been aided by investigations on physical methods and properties. A 
method has been developed for determining the resistance of fabrics 
to wetting by use of the tensiometer. ‘Techniques developed for deter- 
mining the pore-size distribution show the influence of weave, ends per 
inch, and maturity of cotton on the porosity of fabrics. 

Noncellulosic constituents of raw cotton—In adding to knowledge 
of the noncellulosie constituents of raw cotton, which comprise from 
4 to 8 percent of the dry substance and influence the physical prop- 
erties of cotton, malic, citric, and oxalic acids and galacto-araban have 
been isolated and identified. The organic acids and ash alkalinity 
have been shown to be closely associated if pectic acid is taken into 
account. Both the acids and ash are reduced by exposure of cotton 
in the opened boll to weathering and to molds. As a result, the cotton 
becomes alkaline. These observations are leading to a consideration 
of the use of acidity measurements in sorting cottons for more even 
running in the cotton mill. 

Physical properties of cotton tire cord—From a systematic study 
of hysteresis and related elastic properties of cotton tire cords of dif- 
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ferent types and constructions, it has been shown that superior cords 
should have the following elastic properties: High tensile—to enable 
the use of less cord per tire; low hysteresis—to produce a cooler run- 
ning tire; low modulus—to absorb sudden impacts in service; initial 
elongation—suflic ient for satisfactory manufacture of tires; and low 
growth rate—to prevent undesirable increase in tire size. 








F. SOME ADDITIONAL WORK NEEDED 
Determination of the influence of varieties, growths, and processing 
methods on the dyeing properties of commercial cottons —The uneven 
dyeing of cotton yarns and fabrics in industry has long been a serious 
problem that usually means loss of production, the expense of re- 
handling, and a generally lower quality of finished goods. A better 
understanding of the various factors that influence the dyeing quali- 
ties of cotton materials would be of great assistance in improving this 
situation. Information should be secured on the dyeing characteris- 
tics of cottons of different varieties and growths, as well as on the 
effect that mechanical and chemical processing methods may have on 
these dyeing properties. 

Evaluation of the effect of light on cotton textiles —The effect of 
natural and artificial light on cotton requires extensive investigation, 
since the destructive action of sunlight on cotton is a matter of great 
economic importance, and the preparation of effective protective 
treatments requires a better understanding of the manner in which 
light energy operates to break down cotton cellulose. It would be a 
great advantage in work of this kind to have available sources of 
artificial light capable of causing a rapid break-down of cotton like 
that produced more slowly by the action of natural light. The are 
lamps now used for this purpose emit light that differs widely from 
sunlight in quality and, therefore, does not produce the same effect 
upon cotton. 

Effect of cotton fiber le ngth on physical properties of yarns, fabrics, 
and processing rates.—Fiber length is one of the principal fiber prop- 
erties contributing to spinning quality. It is highly correlated with 
fiber fineness; and, therefore, its effects on yarn and fabric properties 
have not begn ciearly defined. In order to enable the selection of 
cottons possessing those fiber properties specifically suited to special 
end uses, it will be necessary to provide basic information about the 
effects of fiber length on yarn and fabric quality. 

New machinery and methods for producing more uniform picker 
/aps.—The textile industry is agreed that the quality of textile prod- 
ucts is more dependent on the uniformity of picker laps than on any 
other single factor. The uniformity problem is complicated by the 
fact that picker laps are produced by processing cotton through a 
long line of opening, cleaning, and pic king equipment. The develop- 
ment of new equipment producing more “uniform laps would mate- 
rially enhance the quality of cotton-textile products, and improve 
cotton’s competitive position in relation to the uniform synthetic fibers. 

improved carding equipment.—The cotton-carding machine has cer- 
tain inherent operational features that are known to cause drafting 
waves in the card sliver; nevertheless, the carding machine is indis- 
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pensable for textile processing. The machine in present use is essen- 
tially the same as was conceived more than 200 years ago, with minor 
improvements during the last 45 years. There is need for research 
leading to modifications or radical changes in carding equipment to 
pr oduce more uniform sliver and thereby improve the quality of cotton 
yarns and fabrics. 

Effect of fabric structure on physical properties of fabrics.—Recent 
research has shown that fabric structure bears a direct relationship 
to the service life of fabrics used for work clothes. Research along 
similar lines should be continued with other classes of fabrics to deter- 
mine exactly how fabric structure influences serviceability and pos- 
sibly consumer appeal. 

Effect of yarn variability on fabric quality.—Little knowledge is 
available concerning the effect of yarn variability on fabric quality. 
It is well known that different types of fabrics require diay dngiene 
of yarn uniformity to make them satisfactory for consumer acceptance. 
It is conceivable that in many instances a higher degree of yarn uni- 
formity is attained than is actually necessary, leading to overrefined 
quality controls and consequent higher operating costs. Therefore, 

research is needed to determine what influence yarn variability has 
on the quality of fabrics and what degree of uniformity is required 
for different end uses. 

Evaluation of new types of cotton obtained from interspecies 
crosses.—The RMA Cotton Advisory Committee has. given a high 
priority to research on processing new cotton from interspecies crosses. 
This recommendation was made on the basis of the recent development 
of new types of cotton having approximately 7 (5 percent greater aver- 
age fiber strength than the existing commercial cottons. Fiber 
strength is an important fiber property that contributes materially to 
yarn and fabric quality. It is necessary, therefore, to evaluate such 

cottons with regard to their special properties and to their suitability 
for specific end uses, particularly where high strength products are 
needed to compete with synthetic fibers. 

Lowering the cost of the carding process.—Approximately 3 percent 
of cotton lint processed is removed in the form of cylinder and flat 
strips during the carding operation. These strips consist largely of 
the same fiber lengths as those fed into the card. Their sale for about 
60 percent of the initial cost of the cotton represents a substantial 
economic loss. The revolving, flat-top card, because of its construction, 
lends itself to the re-use of flat and cylinder strips after only minor 
mechanical changes. Critical studies are needed (1) to develop means 
and techniques for automatically and uniformly returning the flat 
and cylinder strips to the stock being carded, and (2) to determine 
the effect of using these strips upon yarn and fabric quality. 

Influence of type of solvent used on the effectiveness of water repel- 
lent treatments.—It has been observed that a given water-repellent 
material, when applied to textiles from different solvents, produces 
widely different degrees of repellency. This may be due to the effect 
of the solvent on orientation of the repellent molecules, to the amount 
of repellent material taken up from the particular solvent, or to some 
still unknown cause. These factors should be investigated with a 
view to developing improved water-repellent finishes. 

Behavior of cotton products at low temperatures——Physical prop- 
erties of most materials change markedly with temperature, yet little 
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work has been carried out on low-temperature measurements of textile 
fibers. For both military and industrial purposes, information is 
needed as to the effect of freezing and iglowiteuding temperatures 
on such fiber properties as elasticity, fine structure, and moisture and 
stress-strain relationships. These data are needed in developing 
cotton products for use in very cold climates. 

New fibers from cotton by esterification Previous work has shown 
that valuable properties can be imparted to cotton by partial acetyla- 
tion of the hydroxyl groups in the cellulose molecule. This research 
should be expanded by reacting cotton with other acids, and the 
resultant textiles should be evaluated for potential uses. 

Metallic derivatives of cotton cellulose.—The cellulose of cotton is 
known to form complexes with certain metallic compounds which are 
of considerable interest to the textile industry. Several of the com- 
plexes with copper are soluble and are used in textile finishes and in 
control of degradation. The use of titanium compounds in flame- 
proofing cotton probably depends on complex formation as does dyeing 
with metallic compounds. Little is known about the properties of 
such compounds, and research on this subject should contribute to the 
development of improved cotton products. 


FoONDAMENTAL CHARACTERISTICS oF Corron Freer as A MEANS OF 
DeveLopInGc Entrrety New Uses 


(BAIC-RM: a-102—Federal—RMA Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase fundamental knowledge of the cotton fiber and its con- 
stituents by expanded research in the chemical and physical sciences 
upon these materials. This new research is directed specifically 
toward more effective use of the many valuable properties inherent in 
the cotton fiber and to improvement of those particular qualities 
that. would increase the utility of the cotton fiber and in turn of the 
products made from cotton. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : a-102-1—Microscopical evaluation of fiber swelling. To de- 
termine the extent of swelling of cotton fibers when wet with water. 
whether varietal differences in swelling exist, whether degree of swell- 
ing depends on state of maturity of fiber, and to what extent swelling 
in water involves changes in fiber shape. This information is basic 
to the utilization of cotton in all commodities in which change in 
dimensions due to moisture is a factor in either manufacture or use, 
and especially in water-resistant fabrics of the self-sealing type for 
military, agricultural, or apparel uses. ae 

RM : a-102-2—Changes in the cellulose of cotton fiber upon oxida- 
tion. ‘To stabilize cotton fiber against oxidation and to discover new 
methods for eliminating or substantially reducing the deleterious 
effects produced by oxidation. Damage to cotton fibers due to oxida- 
tion is of two kinds: (a) that which is immediately apparent, and 
(b) that which develops upon subsequent exposure to mild alkalies, 
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In the cases of oxidation by periodate and neutral hypochlorite, chem- 
ical treatments have been found which reduce the extent of the 
second type of fiber damage. Other types of oxidation are being 
studied with a view to discovering similar treatments or methods for 
protecting the fibers against oxidation when exposed to the oxidizing 
agent. 

RM: a-102-8—Chemical bonding of cotton fiber with resins for the 
yurpose of producing new cotton products. To find processes for the 
inidline of resins to cotton for the purpose of imparting new and 
useful properties such as wrinkle resistance and water repellency. 

RM: a—-102-4—Improvement of elasticity recovery in cotton fiber by 
chemical modification. To apply a combination of swelling treat- 
ments and chemical modification to cotton fiber, and to study the effects 
of such treatments on the elasticity of the fibers. Selection is made 
of treatments that show promise of improving the relatively unfavor- 
able elasticity behavior of cotton and thus provide a more adequate 
adaptation to the needs of industry, with better service to the user 
and ultimately an increase in net returns to the grower. 

RM: a—102—5—Energy relations in performance of mechanical cot- 
ton goods. To develop test procedures and equipment for measure- 
ment of expended energy in mechanical cotton goods, such as tire 
cord, and to correlate such measurements with other properties and 
service requirements and performance. 

RM: a—102-6—Estimation of immaturity in cotton by means of 
dyeing. Todevelop a simple and practical mill test based upon differ- 
ential dyeing by which to determine in any given sample of cotton the 
approximate amount of thin-walled, or immature, fibers present as 
compared with the amount of normally developed thick-walled fibers. 
Such knowledge permits direction of cotton entering the mill into the 
most suitable end products. 

RM: a—102-—7—(C)—Comparison of different methods of measuring 
the “drag” of cotton fiber. To determine the relative merits of differ- 
ent methods of measuring the “drag” of cotton fibers. Resistance of 
ginned cotton fibers to being pulled apart or drawn past one another 
is a property important to the evaluation of spinning quality of cot- 
tons. In comparative studies of different methods the effects of sam 
ple weight, gage lengths, twist, and rate of loading are being investi- 
gated on various specially selected types of cotton. This research is 
being conducted by contract with a textile research institution, 

RM: a—102-8-(C)—Application of special optical methods to a 
study of the deterioration of cotton cellulose. To investigate the pos- 
sibility of applying infrared spectrophotometry to cotton cellulose 
and degraded cottons as a means of identifying the specific organic 
chemical groupings involved in the deterioration and following the 
changes which take place in them during deterioration. The National 
Bureau of Standards, Washington, D. C., is conducting this research 
with funds transferred from the USDA. 

RM: a-102-9-(C)—Development of an instrument to determine 
the tensile strength of cotton fibers. To design and construct a tester. 
and to develop the technique for its use, which will afford a rapid and 
accurate means of measuring the strength of cotton fibers. Experience 
has shown that the tensile strength of cotton fibers is one of the most 
important qualities of cotton and is a major factor in determining the 
utility of cotton for manufacture. It is therefore essential that meas- 
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urement of this property be made quickly and with the best possible 
accuracy. This research is being conducted under contract with the 
University of Tennessee, Knoxville, Tenn. 

RM: a—102-10-(C)—Surface properties of cotton fibers. ‘To in- 
vestigate the surface area, as measured by means of the gas adsorption 
method, with reference to related properties of cotton fibers as influ- 
enced by standard and experimental textile finishing processes such 
as wetting, drying, swelling, dyeing, finishing, and other proseecea 
treatments, in order to provide information of value in developing 
improved cotton products. The National Bureau of Standards, Wash- 
ington, D. C., is conducting this research with funds transferred from 
the USDA. 

RM: a—-102-11—Study of cotton cellulose molecules. To obtain 
fuller use of the properties of cotton cellulose both as a fiber and in 
solution, from fundamental investigation of its molecular behavior in 
solution. Cellulosic samples that have been subjected to various 
physical and chemical treatments, as well as those in their natural 
states, are examined by special physical techniques to determine the 
influence of particle size, shape, and distribution of particular fiber 
and solution characteristics. 

RM: a—102-12—Examination of shapes and swelling character- 
istics of cotton fibers. ‘To obtain information as to the effectiveness of 
tension in changing both the cross-sectional and longitudinal shapes 
of cotton fibers, especially in connection with the swelling of the fiber 
in water. Change in fiber shape from that of a collapsed tube to that 
approaching a cylinder has been stated as a cause of the improved 
luster in mercerized cotton. If this condition could be induced by ten- 
sion on wet fibers (without the physical modification inherent in the 
mercerization process), cotton might be enabled to compete more effec- 
tively in those areas of the textile market where sheen is a desirable 
characteristic. 

RM : a—-102-13—The reactions of certain chemicals with cellulose. 
To react cyanuric chloride and its derivatives with cotton cellulose 
and to study the resulting products for useful properties such as in- 
creased strength, improved dyeing characteristics, and better resist- 
ance to mildew and rot. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Limited research on the properties of cotton fiber to increase utiliza- 
tion began about 1927 in the Bureau of Agricultural Economics. 
About 1940, after the establishment of the regional research labora- 
tories, cotton utilization research was placed in the Bureau of Agri- 
cultural and Industrial Chemistry, and the program of investiga- 
tions was greatly expanded. The scale of this effort was later judged 
to be too small by a special Subcommittee on Cotton of the House of 
Representatives, which held hearings on the research needs of cotton. 
As a result, this project on fundamental properties of cotton was ap- 
proved in 1948, and funds were allotted from appropriations author- 
ized by the Research and Marketing Act of 1946. Emphasis was 
placed on new fundamental data on fiber properties with a view to 
channeling cotton into those uses for which it is particularly suited, 
and on exploratory investigations of chemical treatments which change 
the basic nature of the cellulose in the fiber and thus impart new and 
improved qualities in cotton textiles. 
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D. FUNDS—-ANNUAL EXPENDITURES 


During the three fiscal years that this project has been active— 
namely, “1948, 1949, and 1950—the approximate annual expenditures 
have been $113,500, $94,600, and $158,700, respectively. 








E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 




























E'stimation of immaturity of cotton by means of dyeing. —The ad- 
vent in the cotton-manufacturing industry of a simple differential dye- 
ing test that makes immediately evident the approximate amount of 
thin-walled, or immature, fibers present in any fot of cotton supplied 
a new method of quality control that has attr acted attention wherever 
cotton is grown or processed. This test was devised in 1947 in research 
on cotton under regular funds. Recently applications of the test have 
been made under RMA funds, in cooperation with private firms, for 
classifying cottons and directing different classes to the most suitable 
end products. The test is also used by cotton brokers to insure the 
delivery of satisfactory lots of cotton to their customers. Applica- 
tion of the test in large-scale cotton manufacturing has resulted in the 
elimination of waste and a general improvement in the quality of 
cotton goods. 

New basic data on properties of cotton fiber —Two distinctive ad- 

vances have been made in acquiring new scientific data on properties of 
cotton fiber. One is the discovery of a simple chemical treatment for 
permanently reducing the proportion of crystalline cellulose in cotton 
fiber as a means of. enhancing chemical reactivity and improving 
elastic recovery and other physical properties. The other advance is 
a technique of powdering cotton fiber and measuring its infrared light 
absorption qualities, which provides the scientist a new research tool 
in determining the effect of heat on cotton and in developing new 
methods of increasing the ability of cotton to withstand heat. 

Direct measurement of the cross-sectional area of cotton fibers in 
both wet and dry condition—A new approach to the production of im- 
proved water-resistant cotton materials has been developed through 
better utilization of cotton’s natural swelling in water. Exact data 
as to the extent of swelling of cotton fibers in water and differences in 
swelling between varieties ; of cotton were needed. By the method of 
measuring swelling developed under this project it was demonstrated 
that cotton fibers, regardless of variety or degree of development, in- 
crease in area on wetting by about 25 to 30 percent compared with twice 
that amount for flax and rayon. The new method is a distinct scientific 
contribution and is being used to determine the dimensional changes 
due to wetting of new chemically treated fibers, including = 
acetylated, mercerized, carboxymethylated, ethylamine-treated, and 
aminized cottons. 

















F. SOME ADDITIONAL WORK NEEDED 
Influence of moisture and temperature on elastic properties of cotton 
and competitive textile fibers—F undamental information is needed on 
the changes in physical properties of cotton and competitive textile 
fibers when subjected to moisture and temperature conditions simulat- 
ing those in service performance of textiles. Preliminary results 










Pe ee 


Se ea ie Sees 


Te 


Pn 









~~ - 8 eee OO Oe TD 


he ei 


~ eee, 


COTTON, COTTONSEED, AND OFHER FIBER PLANTS 815 


showed that the permanent reduction in strength and elongation of the 
fibers caused by elevated temperatures is accelerated by high moisture 
content. There was evidence that this degradation occurs at localized 
places along the fibers. Research on individual fibers and on yarns 
and fabrics should provide information of value in determining the 
effect of various artificial drying processes on the physical properties 
of cottons, particularly those harvested when moist. 

Microscopical investigations of fundamental physical structure of 
the cotton fiber.—Investigations with the optical microscope and the 
electron microscope on the various physical components of the cotton 
fiber, such as the primary wall, the cellulose layers of the secondary 
wall, and the canal (lumen), are needed to better understand the be- 
havior of cotton fibers in technological operations. The structural 
features of these parts should be examined in an attempt to develop 
more explicit information than now exists on the interrelationship of 
the physical components and their contributions to the useful prop- 
erties of the fiber. 

Determination of ratio of crystalline to noncrystalline cellulose in 
cotton by magnetic measurements.—The problem involves the measure- 
ment of the magnetic properties of various cottons and related cel- 
lulosic fibers to obtain an additional means of evaluating and assessing 
the ratio of crystalline to noncrystalline cellulose in these fibers. In 
preliminary studies, measured magnetic properties were shown to be 
significantly different for the various cellulosic fibers studied. 

The introduction of highly reactive chemical groups into the cotton 
fiber, to serve as points for bonding of resins —Practical ways should 
be found for effecting this type of reaction, since it may prove to be a 
promising approach to the problem of producing permanently wrinkle- 
resistant cotton fabrics. 

T he effect of crease-resistant treatments upon the properties of cotton 
fibers —The effect of crease-resistant treatments on the fibers should 
be more fully investigated to supplement the work that has been done 
and is in progress on the application of such treatments to woven 
fabrics. There is still a lack of understanding of many of the funda- 
mental properties that contribute to crease-resistance. A better knowl- 
edge of how and to what extent the mechanical properties of the fiber 
are affected by the conventional crease-resistant treatments should 
contribute greatly to the better development of such treatments. 

Properties of low-crystalline cotton——That the low-crystalline cot- 
ton may have physical properties very different from those of ordinary 
cottons has been indicated by the results of certain preliminary tests. 
Extensive studies of cotton treated to reduce crystallinity should be 
carried out to get a complete knowledge of the physical properties of 
this new material, such as fatigue from flexing, heat resistance, and 
elasticity recovery. Chemical properties, such as affinity for dyes, 
adsorption, and rate of acetylation should also be investigated. 

Effect of crystallinity on the infrared absorption of cellulose —In 
studies on infrared absorption under this project, it was found that 
sharpness of the absorption bands appears to be related to the degree of 
crystallinity of the carbohydrates. Preparation and study of a series 
of celluloses differing in crystallinity would permit evaluation of the 
members of the series with respect to infrared absorption, X-ray dif- 
fraction, and crystallinity by acid hydrolysis, as well as an investiga- 
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tion of the correlations between these methods of measuring this 
valuable property of fibers. 

The practical significance of studies on the erystallinity of cellu- 
lose—There are four main factors involved in the crystallinity of 
cotton cellulose: (1) Nature of the crystal structure, (2) ratio of 
crystalline to nonerystalline material in the cotton cellulose, (3) size 
of the crystals, and (4) orientation of the crystals. Crystallinity 
studies have proceeded far enough to show that some at least of these 
factors have a marked influence on certain of the important physical 
properties of cotton. For example, decreased crystallinity and higher 
content of noncrystalline cellulose result in increased stretch and 
elastic recovery, increased absorptive capacity for moisture, and in- 
creased chemical reactivity of the cotton fiber. Furthermore, improved 
orientation of the crystals results in an increase of the fiber strength. 
These facts have been established on the basis of the small amount of 
data already accumulated. There is need for extended studies in this 
field to perfect the methods for determining the cr ystallinity of cotton 
cellulose and to develop satisfactory techniques for varying the crystal- 
linity to meet the requirements of specific end uses. 


DEVELOPMENT OF NEW AND ImprRoveD Propucts From Corron Freer 
Trrovucu Processine AND CHemIcaL TREATMENTS 


(BAIC —RM: a-104—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To promote utilization of cotton by increasing the utility and 


attractiveness of cotton products through chemical treatments and 
mechanical processing. ‘The current work is particularly concerned 
with (1) the development of new and improved mechanical and 
chemical processing methods and chemical treatments in order to 
produce cotton products that more adequately meet consumer require- 
ments and competition from other products, (2) the development of 
new and improved cotton-processing equipment and methods for im- 
proving quality and lowering costs, and (3) the development of new 
testing equipment and techniques for i aes product quality. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-104-1—Effect of twist on the efficiency of weaving and 
quality of woven fabrics. To improve loom operating efficiency and 
fabric quality and to reduce manufacturing cost by determining the 
twist for warp yarns that will result in a minimum amount of end 
breakage and yarn abrasion during weaving. 

RM: a-104-2—F abrics of improved quality made from blends of 
cotton with other fibers. To survey and appraise previous experi- 
ments to blend cotton with other fibers, and to determine where blend- 
ing cotton with other fibers might be advantageous in increasing the 
use of cotton. 

RM: a—104-3 ‘elopment of cotton fabrics and garments of good 
warmth-imparting quality. To explore the possibilities of increasing 
the use of cotton in outer garments, through the development of cotton 
fabrics and garments that have impr oved, permanent warmth-impart- 
ing quality. 
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RM: a-104-4—Development of improved plastic laminates with 
cotton as the filler. To explore the possibility of increasing the use of 
cotton in the important plastics manufacturing industry, by develop- 
ing formulation and processing methods that will demonstrate the 
superior properties of laminate structures containing cotton, as com- 
pared to those made with competitive fibrous materials. 

RM: a-104-5—Improvement of the resistance of cotton bagging 
fabrics to penetration by insects and rodents. To devise pr actical 
insect- and rodent- -repellent finishes or treatments for cotton flour and 
feed bags so as to maintain the position of cotton in this important 
field against competition of multiwalled paper bags. The research is 
carried on in cooperation with the Bureau of Entomology and Plant 
Quarantine. 

RM: a-—104-6—Development of swelling-type, water-resistant 
fabrics. To produce cotton fabrics that will resist the penetration of 
water by virtue of their inherent swelling and closing properties when 
wetted. Since water-repellent finishes decrease in effectiveness with 
time and service, it is desirable to have cotton fabrics that possess a 
reserve water-resistance capacity independent of finish. 

RM: a—104-7 (C)—-Determination of the factors which influence 
the draping properties of cotton fabrics. To establish quantitative 
relationship» between cotton fiber properties, yarn and fabric struc- 
ture, and the draping properties of cotton fabrics, which will serve as 
a basis for the design and development of cotton fabrics having im- 
proved draping properties. This project is being conducted under 
contract by a private textile research organization. 

RM: a-104-8—Development of new equipment for cleaning me- 
chanically picked cotton at textile mills. To develop improved 
methods and machines for cleaning lint cotton at the textile mill, with 
emphasis on apparatus designed especially for processing cottons of 
high foreign-matter content nealiaeua by mechanical harvesting 
methods. 

RM: a-i04-9 (C)—The adaptation of cotton yarns for tricot 
knitting machines. To investigate methods for making cotton yarn 
more suitable for high-speed tricot knitting in order to lower 
processing costs and make cotton more competitive with synthetic 
fibers in tricot-knitted fabrics. This project is being conduc ted under 
contract by a State educational institution. 

RM: a—-104-10 (C)—Improved control of neps (knots) in the 
manufacture of cotton textiles. To investigate causes of nep forma- 
tion and to develop means for reducing the number of neps in order 
to make cotton fabrics more attractive and more competitive with 
synthetic fabrics. This project is being conducted under contract by 
a State educational institution. 

RM: a-104-11 (C)—-Improvement of cotton textiles to soiling. To 
determine the factors that influence soiling and soil retention by cot- 
ton textiles, and to investigate treatments or finishes that will both 
decrease their readiness to become soiled and at the same time facilitate 
the removal of soii in laundry operations. This project is being con- 
ducted under contract. by a textile research institution. 

RM: a-104-12 (C)—Improvement of cotton warp yarns for car- 
pets. ‘To improve cotton yarns for use as carpet warps by increasing 
their r uniformity and strength-bulk ratio. This project is being con- 
ducted under contract by a State textile school. 
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RM: a-104-13 (C)—Improvement of the luster of cotton textiles. 
To carry out a fundamental study of the properties of cotton fibers 
that influence luster; to devise satisfactory methods for measuring or 
characterizing luster in cotton materials; to determine if varying 
degrees of luster exist in different varieties of cottons; and to develop 
improved physical or chemical processing methods for increasing 
luster. This project is being conducted under contract by a private 
research organization. 

RM: a-104-14—New types of cotton textile products made by 
etherification. ‘To develop processes for reacting organic compounds 
with cotton to produce compounds of cellulose and oxygen having 
valuable properties, such as the ability to absorb acid or basic groups 
of compounds dissolved in water. 

RM: a—104—15—Measuring heat transmission of fabrics. To de- 
velop apparatus and techniques for measuring the heat transmission 
of cotton fabrics in order to evaluate their insulating or warmth- 
imparting value. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Limited research to find new uses and extend present uses for Amer- 
ican cotton was begun in the Bureau of Agricultural Ecanomics about 
1927, but it was about 1940, after the establishment of the regional 
research laboratories, that cotton utilization research was placed in 
the Bureau of Agricultural and Industrial Chemistry and the pro- 
gram greatly expanded. The scale of this effort was later judged to be 
too small by a special subcommittee on cotton of the House of Repre- 
sentatives, which held hearings on the research needs of cotton. As 
a result, this project on development of new and improved cotton 
products through processing and chemical treatment was approved 
in 1948, and funds were allotted from appropriations authorized by 
the Research and Marketing Act of 1946. Only line projects recom- 
mended by the cotton technical subcommittee and approved by the 
Cotton Advisory Committee have been initiated. Six of the fifteen 
line projects undertaken so far are being conducted under contract. 



















D. FUNDS—-ANNUAL EXPENDITURES 


During the three fiscal years that this project has been active, 
namely, 1948, 1949, and 1950, the approximate annual expenditures 
have been $302,000, $179,000, and $228,000, respectively. 

















E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Development of swelling-type, water-resistant fabrics.—Closely 
woven fabrics have been made from cotton containing a relatively 
large amount of thin-walled, or so-called immature, fibers. Such 
fabrics have been shown to possess better swelling and closing proper- 
ties when wetted than similar fabrics made from mature cotton. A 
striking degree of resistance to water penetration is exhibited by the 
former, and this property can be enhanced still further by utilizing a 
new loom attachment that permits weaving an increased number of 
filling threads per inch in the fabric structure. 

New cotton fabric for chemical purification purposes.—Sulfoethy| 
cotton, a new type of chemically modified cotton fabric, made with 
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standard finishing equipment, is a material that has strong acidic prop- 
erties and absorbs bases from solution. It may be used for certain 
industrial chemical processes, such as water softening. 

Making cotton textiles resistant to soiling —A method of treating 
cotton materials with carboxymethyl] cellulose, a commercially avail- 
able substance, has been developed. Cotton garments and household 
articles subjected to this treatment are more resistant to soiling and 
much easier to clean in ordinary laundering. The substance is applied 
like starch, and, since the treatment is simple and effective, it will 
probably be widely used both in commercial laundries and in the home. 
Since cotton fabrics soil more easily than those made of some com- 
petitive fibers, the economic importance of a practical, soil-preventing 
treatment for cotton is readily apparent. Moreover, making the need 
for laundering less frequent will extend the life of cotton wash goods. 

Improving the resistance of cotton bagging fabrics to penetration 
by insects—Treating cotton flour bags with a low concentration of 
pyrethrins (the biologically active constituents of insect powder) 
was found to be effective in preventing penetration by insects, even 
when the filled bags were stored for many months under conditions 
that assured heavy infestation of untreated bags. The protective 
chemical can be applied to the warp yarns with the sizing material 
prior to weaving, or it can be applied in the finishing processes in the 
case of back-filled bag fabrics. The chemical costs about 1 cent per 
square yard treated, and its application, in the operations mentioned, 
entails no additional processing cost. Since the pyrethrins gradually 
deteriorate through the action of light, various substances are now 
being investigated as supplements to prevent this deterioration and 
prolong the effectiveness of the treatment. 

Improved control of neps (knots) in the manufacture of cotton 
fextiles.—Significant progress has been made in developing apparatus 
and techniques for investigating nep formation and methods for 
reducing it. Noteworthy developments are: (1) A template, for count- 
ing neps in the card web, that is convenient and gives dependable 
results; (2) a system of dial gages that makes it possible to quickly 
change the flat settings without removing the flats, thereby materially 
speeding up the study of nep formation as affected by flat settings; 
(3) a conveyor, for supporting a full-width card web, that makes 
possible the removal of a full-width web for convenient inspection and 
sampling; (4) astandardized photographie method for printing card- 
web shadowgraphs so that the neps can be made to stand out for 
evaluation; and (5) a chart that permits quick conversion of number 
of neps per unit area to number of neps per unit weight—for example, 
from neps per 100 square inches to neps per gram. 


F. SOME ADDITIONAL WORK NEEDED 


l'reatments to improve soil resistance of cotton textiles requires fur- 
ther investigation of the most promising method so far developed— 
treatment of washable articles with carboxymethyl cellulose—from 
the standpoint of its practical application in commercial laundries and 
in household use. This treatment has shown excellent experimental 


results, and there should be additional development to the point of 
popular acceptance. 
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Dry-cleaning methods for cotton fabrics should be investigated to 
develop effective dry-cleaning methods for cotton garments and house- 
hold furnishings. While cotton is exceptionally well suited to ordinary 
laundering, sue ch wet processing involves subsequent pressing, as well 
as frequent problems of shrinkage, that could often be avoided if a 
satisfactory dry-cleaning treatment could be employed. 

Influence of “drag” (frictional properties) upon the processing be- 
havior of cotton fibers —Research conducted to date has shown that 
the “drag” of cotton fibers, or the resistance of cotton fibers in the 
aggregate to slipping over each other, differs appreciably in different 
types of cotton. It is believed that this character: istic of cotton should 
be correlated with certain important elements of “spinning value,” 
such as twist required for optimum yarn strength, maximum permissi- 
ble drafting ratio, and number of ends down during the drafting and 
spinning processes. A thorough, systematic study should be made to 
determine whether or not such relationships do exist between drag and 
spinning value. 

Development of new textile spinning equipment.—Present methods 
of spinning yarns from cotton fibers have the disadvantages of low 
production rate, limited package size, and nonuniformity of product, 
With approximately 95 percent of the cotton crop going into yarns, 
the development of equipment for rapidly spinning yarns of high 
quality would be a major contribution to the entire cotton industry. 

Development of fabrics of improved quality from blends of cotton 
with other fibers——Cotton has suffered substantial losses in women’s, 
misses,’ and juniors’ apparel. In almost every instance, the loss could 
be attributed to cotton’s lack of sufficient luster, good drape, crush 
and wrinkle resistance, or resistance to clinging. ‘The most desirable 
thing, from the standpoint of a greater use of cotton, would be to im- 
part these properties through treatments that modify all-cotton 
fabrics. However, since research to date has not produced acceptable 
chemical or mechanical finishes for giving cotton these properties, 
research studies aimed at acquiring greater luster and good drape 
through blending cottons with other fibers is needed. Research is 
also needed on blends of cotton with other fibers to develop more ac- 
ceptable fabrics for (1) men’s and youths’ summer suits, (2) enlisted 
men’s summer uniforms, (3) linings for suits and overcoats, and (4) 
men’s and youths’ dress and semidress hosiery. 

Spinning drafts for maximum uniformity of coarse, medium, and 
fine yarn numbers.—Best drafts for spinning different yarn numbers 
on long-draft systems have not been clearly defined. A critical study 
of the “influence of different drafts on yarn uniformity is needed to 
determine the drafts that give optimum yarn uniformity for coarse. 
medium, and fine yarns. These data would furnish cotton spinners 
with valuable information for improving yarn quality and machine 
performance and would assist in making cotton products more com- 
petitive with other textile products. 

Effect of doubling, on uniformity.—Feeding multiple strands of 
sliver to a drawing frame is employed in textile mills on the assump- 
tion that the heavy and light sections of the strands will offset one 
another and that increased uniformity will result. However, the fact 
that drawing sliver is generally more uneven than card sliver, on an 
inch-to-inch basis, indicates the need for critical studies to determine 
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the effects of certain factors, such as (1) number of doublings, (2) 
ratio of doublings to draft, and (3) use of one, two, or three processes 
of drawing on the uniformity of cotton yarns and production rates. 

Effect of drafting roll spacing on uniformity and production —In 
order to prevent cotton fibers from being caught and broken by ad- 
jacent sets of drafting rolls, it is necessary to space them so that the 
distance from bite to bite slightly exceeds the length of the fiber to 
be processed. ‘This spacing is critical, since some of the longer fibers 
will be broken if the rolls are set too close. However, if the drafting 
rolls are set too far apart, drafting will be uneven and nonuniformity 
will result. Roll settings are largely determined by trial-and-error 
methods, and differences in practice exist in different mills. Critical 
studies are needed to guide production practice in the spacings of the 
| different sets of rolls to obtain optimum uniformity and fewest ma- 

> — chine stops. 

s Research on production of new fibers from cotton by chemical treat- 
ment should be expanded, since recent developments have shown that 
' new and valuable properties can be imparted to cotton products by 
a such means. Numerous chemicals that combine with cotton cellulose 
should be investigated, and the new products thus formed should be 
evaluated for useful textile properties. 

The dyeing properties of new chemically modified cottons should 
be fully determined from the standpoint of commercial processing, 
i since these properties are usually different from those of unmodified 
: cotton and can be properly characterized only through complete 
: investigation. 
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SERVICEABILITY Stupres or CLoruina anp Housenorp Fasrics 
Composep or Corron AND Orner FIBers 


(BHNHE RM: a-9—Federal-State—RMA Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 





To compare, in the laboratory and under conditions of actual use, 
the wearing qualities of woven clothing and household fabrics com- 
posed entirely of cotton and of combinations of cotton and other 
fibers. Current work is concerned with studying fabrics made ac- 
cording to specifications from fibers of known history. Results pro- 

’ vide the factual basis needed to develop consumer standards for staple 

q fabries, to guide manufacturers in the production and informative 

; labeling of goods, and to help consumers in their buying. 






B. CURRENTLY ACTIVE LINE PROJECTS 









RM: a-9-1—Serviceability of utility percales made of different 
varieties of cotton. To determine by wear tests of work dresses the 
relative serviceability of three qualities of percale composed entirely 
of cotton. 

RM: a-9-2—Relative usefulness to consumers of cotton and manu- 
factured fibers in household and clothing fabrics. To determine the 
4 serviceability of bed sheeting composed entirely of cotton, entirely of 

viscose staple rayon, and of various combinations of the two. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Exploratory studies of the wearing quality of fabrics of known com- 
position and construction, initiated in the artment in 1929, were 
concerned with the relative usefulness of mediumweight muslin bed 
sheeting made from three grades of American Upland cotton, and 
heavyweight muslin sheetings made from two varieties of cotton 
grown under different climatic conditions. In addition, the service- 
ability of sheets bought on retail markets was studied. Later, because 
of the growing competition of rayon with cotton, a study of the com- 
parative wearing quality of two types of knit garments, each made 
entirely of cotton or entirely of viscose filament rayon, was under- 
taken and completed in the late 1930's. 

In 1948, in cooperation with State research groups, the evaluation 
of clothing and household fabrics for their resistance to wear was 
undertaken on an enlarged scale with Research and Marketing Act 
funds. Methods and fundamental information developed in previous 
studies have expedited these further investigations of fiber and fabric 
performance. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Annual expenditures of regular funds from 1929 to the late 1930's 
were from $3,000 to $8,000. For the years 1948, 1949, and 1950, the 
annual eegetesnan of RMA funds were $50,000, $70,000, and $70,000, 
respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Comparative serviceability of medium- and heavy-weight bed 
sheets—These studies yielded the first information ever obtained 
concerning the service life of bed sheets made from fibers and fabrics 
of known composition and construction. Mediumweight muslin sheets 
made from Good Middling and Middling cotton of 1- and 1,';-inch 
staple length, respectively, were found to wear, on the average, 16 per- 
cent longer than similar sheets made from Strict Good Ordinary cot- 
ton of 1-inch staple. Heavyweight muslin sheets made from 43- to 
l-inch Middling cottons withstood, on the average, between 276 and 
281 use periods (one period of wear followed by laundering) ; medi- 
um-weight muslin sheets made from American Upland cotton of the 
same grade and staple length withstood an average of 239 use periods. 

Evaluation of sheetings composed entirely of cotton, entirely of 
staple viscose rayon, and of a mixture of the two fibers.—Shortly after 
the close of World War II, sheets made of part cotton and part rayon 
began to appear on the retail market. In a laboratory comparison of 
sheetings identical in yarn and fabric construction, those composed 
entirely of cotton were found to be better—in breaking strength, 
resistance to abrasion (wear from rubbing), resistance to damage in 
laundering, and in dimensional stability—than those composed 
wholly or in part of viscose staple rayon. All-cotton sheets shrank 
approximately 714 inches (7 percent) in length; the all-rayon and 
the part-rayon, about 19 and 13 inches (18 and 12 percent), respec- 
tively. This study, still in progress, is providing the first factual in- 
formation ever obtained regarding the serviceability of cotton sheet- 
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ings as compared to other fabrics identical in manufacture except for 
fiber composition. 


F. SOME ADDITIONAL WORK NEEDED 


Further studies of the effect of yarn and fabric construction upon 
the wearing quality and other characteristics of fabrics should be 
initiated in order to ascertain the type, grade, and staple of cotton, 
as well as the kind and size of yarn and the fabric weave most suitable 
for specific household and clothing purposes. Other studies are 
needed to learn the effect of modifications in yarn and fabric structure 
upon the strength of the fabric, its resistance to shrinking and stretch- 
ing, its luster, and its resistance to soiling and wrinkling. This in- 
formation is especially needed for materials subjected to hard wear 
or to the deteriorating effects of heat, light, and weathering. 

Effectiveness of finishes used to improve the natural characteris- 
tics of cotton should be determined by actual use tests. Finishes to 
impart desirable properties to cotton not inherent in the fiber are on 
the market and being developed by many groups. The permanence 
and the effect of such treatments upon the durability and other char- 
acteristics of the fabrics await investigation. 

Development of standards of quality for cotton clothing and house- 
hold fabrics is needed to aid homemakers in selecting fabrics best 
suited to a particular purpose. The need for designations of quality 
expressed in simple terms on labels is emphasized by the growing 
practice of retailing cotton articles in packaged form. Specifications 
should be developed for different grades of staple fabrics in terms of 
fiber content, yarn and fabric construction, resistance to shrinking 
and stretching, and the fastness of dyes to light and washing. Should 
production for civilian needs be restricted during an emergency, such 
standards would provide the basis for developing specifications for 
utility fabrics similar to those made in England under Government 
regulation during the last. war. 


UrinizatTion INVESTIGATIONS ON CoTTONSEED ? 
(BAIC—RRL-2-3, Subcommodity Project 2—Federal-State—Regular Funds) 
(Cooperation with private organizations) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new, scientific, chemical, and technical uses and new and 
extended markets and outlets for cottonseed and cottonseed products. 
The current work is particularly concerned with both applied and 
fundamental research on the storage and processing of cottonseed, the 
mip =. quality of edible types of cottonseed oil and its products, the 
modification of cottonseed oil for industrial applications, the methods 
of processing cottonseed oil for edible products, and the utilization 
of cottonseed meal and its products. 


1A commodity prorest of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line 4 are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department. 
Likewise, under secs. D and E, research a are used as the basis for reporting ex- 
penditures in 1950, and outstanding accomplishments. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-2-(3)-0-1—Flavor and odor stability of cot- 
at oil and derived products 

RRL-2-(3)—0-1-1—Improvement in the flavor, odor, keeping 
quality, aM other properties of cottonseed oil. To determine the 
cause of, and the products responsible for, the development of ran- 
cidity and other forms of deterioration in cottonseed oil and its de- 
rived products, and to develop methods of increasing the flavor and 
odor stability of this oil and edible products (salad and cooking oils, 
shortenings, margarines, etc.) made Sci it and of the consumer ‘goods 
(potato chips, fried nuts, doughnuts, prepared dough mixes, etc.) 
prepared therefrom. 


Research project RRL-2—(3)-0-2—Processing and utilization investi- 
gations of cottonseed oil 

RRL-2-(3)-0-2-1—Modification of cottonseed oil to improve its 
usefulness in industrial applications. To produce from cottonseed oil, 
through the application of existing or new methods of processing, new 
or improved fat products, including “tailor-made” fats capable of 
serving as replacements for imported | fats and oils (cocoa butter, palm 
oil, et al. ), and to improve existing methods or devise new methods 
of processing to improve the yield and quality of finished products 
and to reduce their cost. 

RRL-2-(3)-0-2-2—Investigation of the physical behavior and 
characteristics of cottonseed oil and its derivatives. ‘To measure quan- 
titatively those physical properties (expansion, contraction, and 
changes in crystal structure) of cottonseed oil and its derivatives that 
are import: int and useful in processing and utilizing these products, 
and to apply this knowledge in separating cottonseed oil into com- 
ponents having more diversified uses than the original oil. 


Research project RRL-2-(3)0-3—Chemistry and utilization investi- 
pag on cottonseed oil and byproducts 

RRL-2-(3)—-0-3-1—Composition of cottonseed oil and byproducts. 
To diteomine the types and amounts of fatty acids which are pro- 
duced in cottonseed oil by selective hydrogenation (hardening), to 
produce fats (shortening, margarine oil, confectioner’s fats, etc.) of 
different degrees of hi urdness. 

RRL-2—(3)-0-3-2—Preparation of derivatives from the fatty acid 
and glyceride components of cottonseed oil. To prepare pure esters, 
mono-, di-, and tri-glycerides, and other compounds from cottonseed 
oil fatty acids and to evaluate them with respect to such properties 
and applications as are of use in the development of new market 
outlets for this oil. 

RRL-2-(3)-0-3-5—Investigations on the pigments of cottonseed 
and its aired products. To isolate, identify, and determine the 
properties of pigments of cottonseed and its derived products and to 
apply this knowledge to solving the various color problems affecting 
the production and use of cottonseed oil and products manufactured 
from this oil. 
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Research project RRI-@-(3)-—PC-1—Chemical, technological, and 
utilization investigations on meals and proteins of cottonseed 

RRL-2-(3)-PC-1-2— Isolation and characterization of the proteins 
and other nonoil constituents of cottonseed. To develop industrial 
uses and oe grana for cottonseed meals, flours, and protein prep- 
arations, either per se or after fractionation and modification of these 
products, and by isolation of new proteins and other nonoil materials 
from cottonseed. 

RRL-2—(3)—PC-1-3—Development and utilization of cottonseed 
meals and proteins for tire cord dips. To develop adhesives from 
cottonseed meals and proteins for use in tire cord dips for bonding 
the cord to the rubber of the tire carcass. ; 

RRL-2-—(3)—PC-14—Development of cottonseed meal and pro- 
tein plywood glues. To develop cottonseed meal and protein ply- 
wood glues having increased strength and water resistance by chemi- 
cal modification of the cottonseed meal and protein, and by formula- 
tion of glues containing cottonseed meal and protein. 


Research project RRL-2-(3)-PC-2—Imnvestigation and control of 
biological factors causing heating and deterioration of cottonseed 
RRL-2-(3)—PC-2-1—Application and control of the enzymes and 
enzyme systems of cottonseed and its derived products. To develop 
methods of contrel of enzyme activity in cottonseed, to prevent or 
retard the deterioration of the seed during harvesting, handling, 
storage, and processing. This work is conducted in cooperation with 
a private meat-packing company and a cotton-processing company, 
for investigations on commercial storage, and with the Mississippi 
Agricultural Experiment Station for investigation on deterioration 
of planting seed. Cooperation with National Cottonseed Products 
Association has involved the support of a fellowship to aid this work. 
Research project RRL-2-(3)-E-3—Cottonseed products processing 
investigations 

RRL-2-(3)-E-3-1—Pilot-plant cottonseed preparation. To deter- 
mine on a pilot-plant scale the best procedures and processes for clean- 
ing, delintering, hulling, rolling, cracking, flaking, and otherwise pre- 
paring cottonseed prior to extraction of the oil by hydraulic pressing, 
screw pressing, or by means of solvents. 

RRL-2-(3)-—E-3-2—Pilot-plant solvent extraction of cottonseed. 
To determine on pilot-plant scale the optimum conditions for solvent 
on cottonseed to obtain highest yield and best quality of oil 
and meal. 

RRL-2-(3)-E-3-3—Pilot-plant solvent crystallization of cotton- 
seed oil and derived products. To develop on a pilot-plant scale a 
practical process for separating cottonseed oil into two or more por- 
tions having greater utility or value than the original oil by partial 
freezing and filtering off one or more solid portions from solutions of 
the original oil in organic solvents. 

RRL-2-(3)-E-3-4—Pilot-plant processing of cottonseed meal for 
production of protein. To develop on a pilot-plant scale, a practical 
process for separating protein from cottonseed meal, and to supply 
quantities of protein, extracted meal, and whey for further research 
and commercial evaluation. 


78552—51—-vol. 1-53 
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RRL-2-(3)—E-3-5—Pilot-plant processing of cottonseed oil and 
derived products. ‘To develop on a pilot-plant scale improved methods 
of refining, bleaching, hydrogenating, deodorizing, and fat splitting, 
and other methods of processing cottonseed oil to produce special, 
more useful, or more valuable products. 


Research project RRL-@-(3)—E-5—Engineering services essential to 
the research program on cottonseed 

RRL-2-(3)—E-5-1—General engineering services. To provide 
general engineering services in support of other lines of work on cot- 
tonseed, including the design, purchase, installation, and maintenance 
of equipment used in such work; to maintain and supply up-to-date 
information on processing equipment ; ; and to supply consulting engi- 
neering advice regarding equipment, processing methods, electrical 
and structural codes, ete. 


Research project RRL-@-(3)-A-4—Analytical, physical-chemical, 
and physical investigations of cottonseed 

RRL-2-(3)—A-4-1—Analytical, physical-chemical, and physical 
investigations of cottonseed and cottonseed bypr oducts. To assist in 
the research described in other line projects on cottonseed by: (a) 
Providing miscellaneous analytical services, physical-chemical meas- 
urements, research services, and specialized physical measurement 
services; (6) improving existing and developing new evaluation 
methods; and (¢) obtaining data on chemical composition and physical 
properties. 

RRL-2-(3)—-A-4-10—Solubility of cottonseed oil in organic sol- 
vent. To obtain fundamental physical-chemical data on tne solubility 
behavior of cottonseed oil in various solvents at reduced temperatures. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on cottonseed and cottonseed products and byproducts was 
initiated about 1920 in the Bureau of Chemistry on a very limited 
scale. Between 1920 and 1940 various samples of crude cottonseed 
oil were examined and reports issued on the nature and amount of 
some of the constituents of these oils. 

Research was conducted on the problem of flavor and odor stability 
of cottonseed oil, for a short time through the medium of a fellowship 
of the Mayonnaise Manufacturers Association (1931) and later 
through the medium of a fellowship of the National Cottonseed Prod- 
ucts Association (1937-46). The early work was concerned prin- 
cipally with the ase elopment of methods of detecting and quantita- 
tively evaluating rancidity and to a lesser extent with the fundamenta! 
chemical changes occurring in cottonseed oil and the products formed 
during rancidification. During this early work (1931) on flavor and 
odor stability, there was developed a method which proved to be of 
inestimable value to the fats and oil industry because it made possible 
the determination and prediction of the keeping quality of fats and 
oils. This method is daily applied throughout the industry fo: 
evaluating the stability of fats and oils. 

Compositional and nutritional studies on cottonseed meal and pro- 
tein were begun about 1917 and continued until 1930 or later, during 
which interval the principal protein components of cottonseed were 
isolated, characterized, and their amino-acid compositions determined. 





ed 
nd 
of 
dle 
nd 
fo! 


ro- 
ing 















soon es’ ss 
PIES eae aL SOT each aL RON crete e 





eee 


























































COTTON, COTTONSEED, AND OTHER FIBER PLANTS 827 


During these studies the nutritive value of the mixed and isolated 
proteins were investigated. These and related investigations have 
formed the basis of all further research on the utilization of cotton- 
seed meal and protein. The first work on the pigments of cottonseed 
was carried out by a research fellow of the National Cottonseed Prod- 
ucts Association between 1926 and 1929. These investigations were 
directed toward the chemistry and physiology of gossypol, the only 
well-known pigment of cottonseed at that time. 

Prior to the establishment of the regional research laboratories no 
work was done on the modification of cottonseed oil to produce “tailor- 
made” fats and-fat products, or on crude oil-mill and refinery processes 
to improve the quality of previously known products, or on the de- 
velopment of uses for byproducts of these processes. During the 
1930’s many farm commodities, including fats, oils, and oilseeds were 
produced in surplus. With a view to broadening the outlets and ex- 
panding utilization, Congress in 1938 authorized the Bureau to con- 
duct crop-use research for the major commodities of each region. The 
resultant program of research has included investigations on the 
storage and processing of cottonseed, on food and industrial uses of 
cottonseed oil, and on the industrial utilization of cottonseed meal] 
and its constituents, principally the protein. 

Attention has been given in the enlarged program, starting in 
1941 with the completion of the regional laboratories, to the develop- 
ment of research of a fundamental nature on the chemical and physical 
properties and reactions in order to support or provide a basis for 
applied utilization research, especially on cottonseed oil. 


D. 





FUNDS—-ANNUAL EXPENDITURES 


Prior to 1941 the expenditure of funds for research on cottonseed 
and cottonseed oil were relatively small. Generally no more than 
two or three chemists were engaged in research on all of the domestic 
oilseed crops. It is estimated that $10,000 a year was spent on research 
on all fats and oils. A very considerable amount of the then current 
research was carried out by the research fellows whose salaries were 
paid °; various sponsoring trade associations. Between 1941 and 1949 
annual expenditures under the cottonseed-utilization subproject 
ranged from $75,000 in 1941 to $330,000 in 1949, averaging about 
$250,000. The expenditure in 1950 was $316,000, which was appor- 
tioned among the various research projects as follows: 0-1, $27,500: 
0-2, $41,000; 0-3, $22,500; PC-1, $17,500; PC-2, $17,500; A-—4. 
$59,000; E-3, $118,000; E-5, $13,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-@-(3)-0-1 


Improvement in the flavor, odor, and keeping quality of cottonseed 
oil—The loss resulting from the deterioration or rancidification of 
fats and oils in storage and in use both per se and in the form of 
finished goods contaming these substances has been estimated to 
amount to many hundreds of thousands of dollars annually. Inves- 
tigations on the stability of cottonseed oil have led to the develop- 
ment of reliable and sensitive methods of predicting the shelf life 
of processed fats and oils, and of detecting the onset and degree of 
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rancidification in these products. The role of natural antioxidants 
in inhibiting rancidity in cottonseed oil and the effect of added in- 
hibitors (antioxidants) has been established. A new antioxidant, 
norconidendrin, has been developed from a waste product of the 
pulping of wood. It is highly effective in preserving fats and oils 
and for other uses, and is being produced commercially for a variety 
of uses where antioxidant protection is required. Fundamental inves- 
tigations have resulted in the elucidation of the mechanism of rancidi- 
fication of cottonseed oil and in the isolation and identification of 
several of the products that are responsible for the rancid odor and 
flavor of rancid cottonseed oil. This work is recognized as an out- 
standing contribution to the solution of the problem of rancidity in 
fats and oils and has found application in industry in the control and 
production of fatty products of superior stability. 

Research project RRL-2-(3)-0-2 

Development of new fat products.—Semi-pilot-plant batch equip- 
ment was designed and a process was devised whereby refined cotton- 
seed oil can be converted into a salad oil in 2 to 4 hours, compared 
to the present conventional process which requires 5 to 6 days. The 
experimental results and data were applied in designing and fabri- 
cating a continuous commercial size unit for carrying out the process. 
The process has not been adopted commercially because it necessi- 
tates scrapping present winterization plants and installing new and 
relatively expensive equipment. The most effective use of this proc- 
ess will be in connection with continuous solvent refining of cotton- 
seed oil, which is still in the developmental stage of industry. 

Substitute for palm oil for use in the tin-plate industry.—Palm 
oil has always been considered an absolute necessity in the production 
of tin and terne plate and for the cold reduction of hiat steel. During 
World War II, when supplies of palm oil from Africa and the South 
Pacific were cut off, a suitable substitute was developed by the selec- 
tive hydrogenation of cottonseed oil to a semifluid state. The hydro- 
genated oil proved to have the desired fluxing properties and to have 
onger life in the tin bath than did palm oil, as determined by labora- 
tory and plant tests by several producers of tin and terne plate. Diver- 
sion of cottonseed oil from food to industrial channels was pro- 
hibited under the system of allocations in force during the war, thus 
preventing the continued use of the product on a commercial scale 
to replace palm oil. 

Plastic fats—A large number of investigations on plastic fats 
involving the development of new instruments and methods for the 
measurement of the special properties of these important food prod- 
ucts (shortening, margarines, enrobing and confectioners’ fats, etc.) 
have been completed and the results have been applied industrially 
to obtain better control of the unique properties (ratio of solid to 
liquid fat, crystal structure of the solid portion, hardness, plasticity, 
emulsifying properties, etc.) of plastic fats. 


Research project RRLI-2-(3)-0-3 

Composition of cottonseed oil and byproducts.—The fatty acid 
composition of cottonseed oil before and after hydrogenation (harden- 
ing) to various consistencies (plasticities) has een thoroughly inves- 
tigated and the composition has been correlated with plastic values 
and the keeping quality (stability) of the hardened oils. The type 
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and amounts of natural antioxidant (vitamin E) in cottonseed oil at 
various stages of processing into finished fats have been established. 
Preparation of synthetic derivatives of the fatty acid and glyceride 
components of cottonseed oil—A considerable variety of chemical 
derivatives (esters, acid chlorides, hydrazides, maleic anhydride ad- 
ducts, hydroperoxides, and long ¢hain keto esters) of cottonseed oil 
fatty acids have been prepared and their properties investigated. 
Because of their value as Aaatiel intermediates, the acid chlorides 
of the fatty acids present in cottonseed oil were prepared and their 
properties and reactivities were determined. The hydrazides of 
cottonseed oil fatty acids have been prepared and their value as re- 
agents for separating and identifying individual fatty acids in 
mixtures of naturally occurring acids has been established. 
Investigations on the pigments of cottonseed and derived products.— 
Since 1940 the cottonseed pigments and the associated color prob- 
lems of the derived oil and meal have been the object of intensive 
research. In addition to the previously known pigment (gossypol), 
several heretofore unknown pigments (gossypurpurin, gossyfulvin, 
and gossycaerulin) have been isolated, named, and characterized. 
Methods of analysis for these pigments were developed and applied 
co an investigation of their occurrence and changes in the seed as 
a function of variety and conditions of storage, and in the contro} 
of the color of crude oil. Intact pigment glands were isolated for 
the first time and a method was developed for producing these glands 
in quantity for use in investigating the nature of the glands, in the 
types and quantities of pigments contained therein, and in studies 
of their physiological action. The culmination of this work was 
a patented process for the production of relatively light-colored crude 
cottonseed oil; relatively pigment-free meal; and pigment glands 
as a raw material for the production of gossypol. The process is 
being evaluated with respect to its industrial feasibility under research 
project RM: a-103-2. 
Research project RRL-2-(3)-—PC-1 
Cottonseed protein fiber—No use has heretofore been made of cot- 
tonseed protein in the production of artificial protein fibers because 
no means has been known for overcoming the inherent poor solubility 
and excessive color of this protein as it is normally produced. Within 
the last 2 years a process has been developed on a laboratory scale for 
the production of an artificial fiber from the protein contained in 
cottonseed meal. A patent covering the process has been granted. 
Cottonseed meal plywood glue—A glue product having the vis- 
cosity, consistency, and spreading characteristics necessary for good 
gluing operations in plywood manufacture has been prepared from 
solvent-extracted cottonseed meal. This glue preparation may be 
utilized for the manufacture of plywood by dantand hot-pressing 


procedures. In laboratory tests in which each glue mix and glue line 
was prepared as recommended to give maximum shear strengths, it 
compared favorably with commercial casein glues. It proved to be 
better than casein glue when compared on a wet-test basis. Arrange- 
ments are being made with a commercial producer of cottonseed meal] 
and a plywood manufacturer to make industrial scale tests of this 
product. 
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Research project RRL-2-(3)-PC-2 

Seed deterioration—Laboratory and field investigations have made 
available data that show the effects of such factors as temperature, 
moisture content, and maturity on the rate of seed deterioration. 
Over 300 chemicals have been laboratory-tested as agents for prevent- 
ing deterioration of stored cottonseed. Approximately one-sixth of 
the chemicals tested were found to be effective when used in amounts 
of less than 0.4 percent on the dry weight of the seed treated. Com- 
mercial manufacturers of organic chemicals have used the method of 
testing developed in the course of this work to evaluate products that 
they manufacture as potential inhibitors of deterioration in stored 
seeds. In tests conducted in commercial cottonseed-oil mills, a com- 
bination of chemical treatment and forced-air ventilation inhibited 
heating of moist cottonseed for 132 days and retarded the formation 
of free fatty acids in the oil for 52 days. The first or screening phase 
of the problem of combating deterioration in stored cottonseed has 
been accomplished. Evaluation in commercial mills of the methods 
developed under this project has indicated the nature of future re- 
search which is required to perfect the process. The National Cotton- 
seed Products Association is supporting this research by means of a 
fellowship. 

Preservation of planting seed.—Field tests of cottonseed treated 
with low concentrations of a mixture of chemicals have shown that 
seed viability is maintained, fewer deaths of seed occur in the hills 2 
weeks after planting, and the lint from the first generation of the seed 
is unaffected by the treatment. The results have attracted the atten- 
tion of commercial producers of planting seed and they have indicated 
their willingness to cooperate in continuing this work by applying 
under commercial storage conditions the tests and methods developed 
in the course of this investigation. This research has been facilitated 
by cooperation with the Mississippi Agricultural Experiment Station. 

Equilibrium moisture content data guide cottonseed storage opera- 
tions.—Data on the moisture content of cottonseed that is in equilib- 
rium with air over the range of 11 to 93 percent relative humidity at 
77° F. were developed and made available to the cottonseed industry. 
This information has been used by commercial handlers of cottonseed 
and research workers to guide them in determining when to take ad- 
vantage of favorable atmospheric conditions to dry seed by forced-air 
ventilation. It has also permitted cottonseed-oil mills to estimate the 
moisture content of large piles of seed by using these data in conjunc- 
tion with local weather reports. 

Research project RRL-@-(3)-E-3 

Improvement in the preparation of cottonseed for oil extraction.— 
It was demonstrated that when the moisture content of cottonseed is 
adjusted by proper conditioning (9 to 10 percent in the kernels or 
11 to 12 percent in the whole seed), more whole kernels and fewer 
broken ones and fine particles are produced during hulling. Further- 
more, the hulls are readily removed in the form of large particles, 
thereby improving the efliciency of separating the hulls and kernels 
by screening and air cleaning and lessening the loss of oil with the 
separated hulls. 

In the case of solvent extraction of cottonseed the production of 
higher yields of whole kernels through proper control of the moisture 
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content greatly improves the flaking operations. Proper control of 
the moisture content also improves the stability of the flakes, reduces 
the amount of fines produced during extraction, improves the flow of 
solvent through the flakes, and the extractability of the oil in the flaked 
material. Because of the improved control of moisture and separation 
operations, the color of the oil and meal are also improved. These 
improved methods of preparation are applicable to hydraulic and 
screw pressing as well as in the solvent process. The more uniform 
moisture content of the kernels improves the cooking operations prior 
to hydraulic and screw pressing and results in improved color of the 
expressed crude oil. 

These significant advances in the preparation and flaking of cotton- 
seed kernels, and their effects on the quality of the oil and meal pro- 
duced, as well as other technical data and information from related 
investigations, have been brought to the attention of, and discussed in 
detail with superintendents and managers of, cooperative oil mills in 
a series of working conferences which have contributed materially to 
improving operations in these mills. 

Improved color of solwent-extracted cottonseed oil.—In the final 
stages of evaporating the solvent from cottonseed oil-solvent mixtures, 
the temperature of the mixture rises appreciably. Furthermore, at 
high concentrations of oil in the mixture, the boiling points of the 
saan do not conform to the physical laws applicable to the evapora- 


tion of pure solvents. In the case of cottonseed oil-solvent mixtures 
obtained in solvent extracting flaked cottonseed, high temperatures 
also result in increased formation of color in the oil. An investigation 


was made to determine the boiling points of concentrated mixtures of 
cottonseed oil and solvent (commercial hexane) and on the color of the 
oil as affected by the boiling point of the mixture. The results of these 
investigations have provided data which have been applied to the 
proper design of evaporator equipment and to the commercial recovery 
of crude cottonseed with minimum alteration of the natural color 
bodies. 

Continuous solvent extraction of cottonseed on pilot-plant scale. 
A pilot plant has been installed for the continuous solvent extraction 
of flaked cottonseed at the rate of 150 pounds per hour. The plant has 
been operated to produce prime quality oil and meal. The relatively 
small amount of “fines” contained in the solvent-oil extract produced 
with this equipment can be removed by simple filtration. Whereas 
commercial plants employing direct solvent extraction of cottonseed 
have generally been unable to reduce the oil content of the extracted 
meal to 1 percent, or to avoid the formation of “fines” during extrac- 
tion, operation of this pilot plant has shown that both objectives can 
be accomplished at rates comparable with those employed in com- 
mercial plants. The pilot plant has also been employed to prepare 
large quantities of oil and meal for use in other investigations such as 
oil processing, protein production, and the fractionation of cottonseed. 

Batch solvent-extraction plant.—A pilot plant was designed, in- 
stalled, and operated for a number of years to produce oil and meal 
from lots of cottonseed up to 120 pounds each, to evaluate cooked and 
uncooked flakes for solvent extraction, to obtain cottonseed oil-solvent 
mixtures for use in solvent-recovery investigations, to evaluate various 
commercially available solvents including hexane, methyl pentane, 
benzene, acetone, methyl ethyl ketone, and ethyl ether, as extractants 
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for cottonseed oil. It has found wide application as an adjunct in 
work reported under other projects, 

Oil-processing pilot plant.—An oil-processing pilot plant has been 
installed for refining, bleaching, deodorizing, hydrogenating (harden- 
ing), fat-splitting, and otherwise reacting cottonseed oil in approxi- 
mately 55-gallon lots. The plant is used to process oil produced by 
solvent extraction, hydraulic and screw pressing, and for the prepara- 
tion of large lots of oils for further research and development investi- 
gations, and for practical testing in industrial applications. 

Protein-production pilot plant.—A pilot plant was designed and in- 
stalled to produce protein, spent meal, and whey from solvent-ex- 
tracted cottonseed meal in quantities necessary for further research 
and development work, and for the practical testing of these materials 
in various industrial and nutritional products being investigated under 
other projects. During operation of the pilot plant for the above-men- 
tioned purposes, information was obtained on processing conditions 
and chemical engineering operations and applied to improving the 
process itself. 

Research project RRL-@-(3 -E-5 

Miscellaneous engineering services.—The major portion of the work 
of this project consisted in providing engineering services of routine 
and specialized nature in support of accomplishments reported under 
other projects. Some specific services rendered under this project have 
been: (1) installation of a 1,250-cubic-foot-walk-in cooler for storage 
of cottonseed samples at low temperatures; (2) procurement and in- 
stallation of large exhaust fans to handle a total of 75,000 cubic feet of 
air per minute, and ventilate the area in which flammable solvents are 
handled for solvent extraction of cottonseed; (3) design and installa- 
tion of storage building for flammable solvents used in cottonseed re- 
search; (4) maintenance of a catalog file on products and equipment of 
about 2,500 manufacturers for use of workers on all projects. 
Research project RRL-2-(3 }-A-4 

(The major portion of the work of this project has consisted in pro- 
viding analytical-chemical, physical-chemical, and physical evalua- 
tion and testing services of routine and specialized nature which have 
contributed materially to the achievements reported under other proj- 
ects covered in this report.) 

Storage of cottonseed.—It has been shown that cottonseed can be 
preserved for several years with little or no change in chemical com- 
position and germination if stored in sealed containers at tempera- 
tures below 1° C. and at moisture contents of 8.3 percent or lower. 
Such storage is not practical for commercial purposes but is satis- 
factory for preserving research and genetical lots of cottonseed. 

Germination and free-fatty-acid content of cottonseed.—It has been 
demonstrated that individual cottonseeds containing more than 1 per- 
cent free fatty acid will usually not germinate. Subsequent investi- 
gations in cooperation with the Arkansas State Plant Board indicated 
that, insofar as practical, cottonseed reserved for planting should have 
a low free-fatty-acid content (preferably less than 0.75 percent in the 
oil) to assure storable stocks of seed with a high percentage of 
germination. 

Determination of inorganic phosphorus.—A method for the deter- 
mination of inorganic phosphorus has been developed for the determi- 
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nation of the distribution of phosphorus in plant materials. In addi- 
tion to its use on cottonseed and derived products, it is being widely 
used in investigations on other plant materials. 

Bromine retention in methyl bromide-fumigated cottonseed. —It was 
demonstrated that no residual bromine remains in oil processed from 
cottonseed previously fumigated with methyl bromide to control pink 
bollworm. Seed treated with methyl bromide were processed by 
methods used in industry, and the products were subsequently ex- 
amined for residual bromine. This work, conducted in cooperation 
with the Bureau of Entomology and Plant Quarantine, has justified 
the extension of the use of methyl bromide for fumigation of cotton- 
seed in pink-bollworm-infested areas. 

Determination of gossypol pigments.—Three precise and practical 
methods, suitable for routine use, have been developed for the deter- 
mination of gossypol pigments. One method is for the determination 
of free gossypol pigments in cottonseed kernels, cake, and meal. It 
has been adoatai as official by the American Oil Chemists’ Society 
and is used by more than 15 organizations engaged in processing or 
investigations of cottonseed. Another method is for the determina- 
tion of total gossypol pigments in cottonseed kernels, meal, and cake. 
The third method is for the determination of gossypol pigments in 
cottonseed oil. These methods provide the analytical means necessary 
to obtain a gossypol material-balance in processing cottonseed to im- 
prove the nutritive value of the meal. 

Viscosity and density data on cottonseed oil—Basic data on vis- 
cosity and density of cottonseed oil, hydrogenated cottonseed oils 
hardened to different iodine values, and cottonseed oil-solvent mix- 
tures over practical ranges in temperatures have been determined. 
Density-composition data for cottonseed oil-solvent mixtures have been 
developed for application in determining the composition of unknown 
mixtures of oil and solvent. These data are applicable in all types of 
processing operations in which a knowledge of viscosity or density 
as a function of temperature are required. 

Physical-chemical data applicable to cottonseed salad-oil precess.— 
The ratios of solid-to-liquid portions of cottonseed oil dissolved in 
acetone and petroleum solvents and in mixtures of these solvents have 
been obtained at reduced temperatures for use in the pilot plant devel- 
opment of solvent-winterized cottonseed oil (production of oils that 
will not partially solidify at refrigerator temperatures). The work 
has involved investigation of the influence of concentrations of oil in 
the solvent, temperature, holding time, and iodine value of the original 
oil on the degree of winterization of the winterized oil. 


F. SOME ADDITIONAL WORK NEEDED 


Fatty acid derivaiives.—The most pressing need in connection with 
the development of new uses and outlets for cottonseed, as well as most 
other vegetable oilseeds, is information on the derivatives of the fatty 
acids derivable from their constituent oils. The potential outlets for 
fatty derivatives in the manufacture of plastics, plasticizers, synthetic 
resins, surface active agents, drilling muds, waterproofing agents, 
synthetic wax products, etc., is very great, but they are aided 
on investigations involving the preparation and testing of the multi- 
tude of theoretically possible products derivable from fatty acids. 
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Upgrading cottonseed oil soapstock.—More than 6 percent of all the 
crude cottonseed oil produced in the United States appears eventually 
as soapstock, and approximately 70,000,000 pounds of dry fatty 
material annually goes into this byproduct of cottonseed-oil refining. 
Difficulties have beset the processors of cottonseed oil as a result of a 
reduction in the price of cottonseed soapstock from 5 to 6 cents a pound 
to 1 or 2 cents a pound. This reduction in price reflects to some 
extent the reduction in fatty acids of cottonseed oil soapstock and the 
increased difficulty of recovering such acids as are present in this 
material, a condition brought about by the introduction of continuous 
screw presses for expressing the oil from cottonseed and of continuous 
methods of refining. Cottonseed oil soapstock also contains in con- 
centrated form, sterols, vitamin E, and probably other useful compo- 
nents which have heretofore never been recovered. New fatty-acid 
recovery processes and the possibility of isolating new products from 
cottonseed oil soapstock urgently need investigation, because the losses 
resulting from the presently depreciated soapstock will either be passed 
back to the farmer or forward to the consumer of the finished oil. 

Improvement of stability of cottonseed oil—Al|though the advances 
made in stabilizing cottonseed oil have resulted in marked improve- 
ment in the quality of this fat and many of its derived products, there 
are a number of special uses, particularly certain types of consumer 
goods (deep-fat-fried foods such as potato chips, nuts, doughnuts, 
and prepared dough mixes), for which even greater stability is re- 
quired than is now found with the most stable forms of this fat. 

Extended research on the chemical preservation of stored cotton- 
seed.—Screening investigations of a large number of chemicals to 
determine their potential ability to inhibit deterioration in stored 
cottonseed has been completed. Additional work is needed to deter- 
mine whether it is possible to increase or prolong the preservative 
ection of the known active compounds. The supplementary effects, 
if any, of heat and of a fungicide should be investigated; likewise, 
the best time to apply such supplementary treatments prior to storage 
or planting of the seed. It is essential to determine the effect of any 
given chemical treatment applied to the seed on viability, survival of 
seedlings, vigor of growth, yield of seed, quality of fiber, color and 
content of free fatty acids of oil, and the nutritional value of the seed 
and seed fractions. Studies of this type need to be carried through 
two or more generations of the treated seed. Toxicity of the chemical 
for man and animals must be determined if the treated seed or any of 
its fractions or products are to be used in foods and feeds. 

Enzyme systems in cottonseed.—Systematic studies of the enzyme 
systems in seed, particularly those that appear to be active in initiating 
and accelerating seed deterioration, are needed. The status of these 
enzyme systems in the seed at different stages of maturity, for differ- 
ent kinds and degrees of damage and for different intervals and con- 
ditions of storage, should be known. Such information would make 
it possible to develop simple tests to determine the state of maturity 
of the seed and its tendency to undergo deterioration. Such tests 
could be of practical value to the producer and processor. Informa- 
tion should be obtained on the enzyme systems which are responsible 
for the formation of free fatty acids, and the development of undesir- 
able odors and colors in oil products, as well as on the mechanism by 
which the systems act and the factors responsible for their action. 
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Only by such knowledge will it be possible to arrive at a satisfactory 
method for completely preventing deterioration of stored cottonseed. 


IMPROVEMENT IN Mernuops or Corronserp-O1 Exrraction ; Devetor- 
MENT OF NEw AND Improvep Propuctrs From CorronsEeD AND THEIR 
EvaLvUATION 


{BAIC, BAI, BDI, and BHNHE—RM: a-103—Federal-State—RMA Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop new and improved methods of handling and proc- 
essing cottonseed and its byproducts and derived products by the ap- 
plication of chemical, physical, biological, and engineering principles 
and methods; and (2) develop new and improved uses and new and 
extended markets for products derived from cottonseed. The current 
work is concerned with a broad survey of the composition of cotton- 
seed as influenced by environment and variety. Engineering research 
is being conducted on the development to a commercial scale of the 
method for fractionation of cottonseed kernels into oil, meal, and pig- 
ment glands. Chemical research is being conducted on utilization of 
pigment glands and derived products and on improvement in the nutri- 
tive value of the meal by changes in conditions of processing. 
Contract engineering research is underway on improvement of 
screw- and hydraulic-press extraction of cottonseed oil and solvent 


extraction of whole-rolled cottonseed. The manner in which seed 
deteriorates during storage is being investigated by treatment with 
synthetic compounds containing radioactive elements. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—103—-1—Composition of cottonseed as influenced by environ- 
ment and variety. To contribute to the improvement of cottonseed as 
a source of oil, meal, and protein for industrial, food, and feed end 
uses by evaluating the influence of environment and variety on the 
composition of cottonseed through the physical and chemical analysis 
of 8 varieties of cottonseed grown at 13 field stations during 3 
growing seasons. Cooperative with the Bureau of Plant Industry, 
Soils, and Agricultural Engineering. 

RM: a—-103-2—Pilot-plant separation of cottonseed meats into oil, 
meal, and pigment glands. To develop on a pilot-plant scale a fea- 
sible process for the commercial separation of cottonseed meats into 
high-grade oil, a highly purified and nutritious meal, and pigment 
glands, with the objective of widening the outlets for cottonseed meal 
and making available new byproducts (pigment glands and gossypol) 
as additional source of revenue. Research in cooperation with a cot- 
tonseed-processing company is directed toward commercialization of 
the process. 

RM: a-103-3—Development of products that have industrial and 
pharmaceutical value from cottonseed-pigment glands. To develop 
new uses and extended markets and outlets for cottonseed-pigment 
glands and their derived products. Particular attention is given to 
uses for gossypol, which is the principal pigment of cottonseed. Phar- 
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macological investigations on these products are made in cooperation 
with a cottonseed-processing company and two universities. 

RM: a-103-4—Influence of methods of processing upon the nutri- 
tive value of cottonseed meal. To extend the use of cottonseed meal 
as a livestock feed and human food through the improvement of exist- 
ing methods and development of new methods of processing. The 
processing experiments are being made by cooperating cottonseed oil 
companies, and some nutritional experiments by a cooperating State 
agricultural experiment station. Nutritive evaluation experiments 
are also mahal out by the Bureau of Human Nutrition and Home 
Economics, the Bureau of Animal Industry, and the Bureau of Dairy 
Industry under line projects 103-7, 103-9, and 103-15, listed below. 

RM: a-103-7—The effects of different methods of processing cot- 
tonseed meal on its protein nutritional value. To determine the pro- 
tein digestibility, the content, and availability of nutritionally essen- 
tial amino acids, and the biological value of cottonseed meals processed 
under controlled conditions by various methods. The meals are pre- 
pared under line project 103-4. 

RM: a—103-9—The nutritive evaluation of cottonseed meals, for the 
feeding of poultry, swine, beef cattle, and other livestock, produced 
by new and improved processing procedures. To evaluate by means 
of feeding tests, with poultry and other classes of livestock, the nutri- 
tive values of cottonseed meals produced by new and improved proc- 
essing procedures in order to help determine the best procedures for 
general use in oil mills. The meals are prepared under line proj- 
ect 103-4. 

RM: a-103-10 (C)—Improvement of the process for hydraulic 
pressing of cottonseed. To determine on a laboratory scale in a 
manner applicable to mill-scale operations the best conditions and 
procedures for cooking and pressing cottonseed and to obtain the best 
quality and yields of the products. This research is conducted under 
contract at a State engineering experiment station. 

RM: a—103-11 (C)—Solvent removal of oil from cottonseed, and 
subsequent separation of linters, hulls, and meal. To determine the 
commercial feasibility of solvent extraction of oil from cottonseed 
prior to the removal of linters. This research is conducted under 
contract with a State research organization. 

RM: a-103-12 (C)—Improvement of process for continuous screw- 
pressing of cottonseed. To improve the process of screw-pressing 
cottonseed in order to obtain better yields and high-grade end products 
on an economical basis. This research is conducted under contract 
by a State engineering experiment station. 

RM: a-103—13—Investigation of chemical treatment of cottonseed 
by means of radioisotopes. To investigate biological changes in cot- 
tonseed, resulting from chemical treatment, by histochemical exami- 
nation of seed sections and use of radioisotopes. The chemicals are 
“tagged” with radioactive isotopes to permit fundamental investiga- 
tion of the reactions occurring in seeds. 

RM: a—103-15—Vitamin B,, activity of and unidentified nutrients 
in variously prepared cottonseed products. To determine the vitamin 
B,. activity of various cottonseed products produced under known 
conditions and to determine the absence or presence of unidentified 
nutrients in such products. The products are prepared under line 
project 103-4 of BAIC. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Funds made available under this project, beginning with the 1948 
fiscal year, have permitted an expanded research program on cotton- 
seed. Several phases of the work are applications of preliminary or 
fundamental research conducted during the period 1941 to 1947 under 
regular funds, as for example the work on fractionation of cotton- 
seed meals. Also research on gossypol and on the nutritive value of 
cottonseed as affected by conditions of processing had its origin in 
work begun before Research and Marketing Act funds became 
available. 

Under this project attempts are being made to evaluate the various 
cottonseed meals, produced by new and improved processing proced- 
ures, as feed for poultry, swine, and other classes of livestock. Cot- 
tonseed meal is an important and valuable protein supplement for 
the feeding of cattle and sheep, but in swine feeding it has ranked 
below a number of other oil meals because of toxic effects and because 
of lower biological value of the protein. In the case of poultry, some 
of the same defects, plus discoloration of egg yolks during storage 
of the eggs, have lessened its value. 

Feeding experiments with small animals have demonstrated that 
the protein value of a cottonseed meal unimpaired by heat treatment. 
and free from the toxic substance gossypol, is considerably higher 
than that of heat-treated commercial cottonseed meal. The recent 
development of microbiological assays suitable for the determination 
of many of the essential amino acids has permitted the present study 
to include determinations of the amino acid content of the meals in 


addition to determinations of the nutritional value of the protein of 
the meals by rat-feeding experiments. 

The ability to contract for some phases of the research aids the 
effectiveness of the current research program. As indicated in sec- 
tion B above, important phases of the project are being conducted 
under contract with organizations outside the Department that have 
facilities easily adapted to the requirements of the research. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures by four bureaus for the fiscal years 1948, 1949, and 
1950 were as follows: 


1948 1949 1950 


$84, 300 $125, 800 $156, 900 
4, 000 10, 000 

1, 500 5, 000 

oone] 5, 000 10, 000 


Pc ka ade seb ek iss sbbc8s~ duds oe 84, 300 136, 300 181, 900 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fractionation (seperation of components) of cottonseed meals.— 
A new and novel method of processing cottonseed has been developed 
to the point for pilot-plant demonstration. One of the products is a 
highly purified meal that is practically free from toxic pigments, and 
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may find extensive use in feeds and industrial products. A tenfold 
concentration of the pigments in the gland fraction is a potential 
source of gossypol, a Suniel that has interesting and possibly valu- 
able properties, but was not previously available in quantity. 

Useful products from pigment glands—New compounds, formed 
by combining gossypol with peanut protein, amino acids, dextrose, or 
starch, have been made and furnished to a number of pharmacologists 
for determination of their effects on experimental animals. They are 
lethal to goldfish in concentrations of 1 part in 100,000 parts of water, 
whereas gossypol itself is not lethal at all, and pigment glands that 
contain gossypol in its natural state are not quite as toxic as the new 
compounds. When these compounds are stored at elevated tempera- 
tures, pigment changes take place similar to those that occur in stored 
cottonseed. The new compounds provide means for the investiga- 
tion of the psysiological action of gossypol as it occurs in the natural 
state, and of the changes that take place in gossypol and the gossypol 
pigments on storage of the seed. 

Variability of chemical properties of cottonseed meal demon- 
strated.—Numerous cottonseed meals, including commercial hydrau- 
lic-pressed, screw-pressed, and solvent-extracted meals, were analyzed 
for gossypol content and soluble nitrogen. The choice of determina- 
tions to be made was based on the realization that the food value of 
cottonseed meal depended on two factors: (1) the amount of toxic 
materials—free gossypol-like materials—in the meal, and (2) the 
protein value. The analyses showed that there was considerable vari- 
ation in the gossypol content of these meals and also in their soluble- 
nitrogen content. The results thus demonstrated the inadequacy of 
the present methods of labeling cottonseed meal for feed purposes. 

Production of cottonseed meal of higher nutritive valwe.—Research 
in cooperation with a cottonseed processing company showed that 
the composition and properties of the meal are influenced by the cook- 
ing and pressing conditions. When the conditions of cooking are 
mild, the amount of soluble nitrogen in the meal depends upon the 
energy input to the screw-press as related to the output of oil and meal. 
Adequate oil yield was obtained with lower energy input into the 
press, and, therefore, it was possible to produce cottonseed meals 
containing more soluble nitrogen. Cooperative feeding tests with 
screw-pressed meals produced under mild conditions of processing 
showed that such meals supported growth at a rate 50 percent or more 
higher than for normal meal, when fed to chicks and hogs. The re- 
search is continuing as cooperative work between State and Federal 
laboratories. It has been estimated that an increase of 1 percent in 
the nutritive value of the meals may be worth $1,000,000 per year. 

Cottonseed meal produced under conditions of minimum heat dam- 
age.—An extensive investigation was made of the types of solvents 
that may be used to reduce gossypol content to a minimum so as to pro- 
duce a cottonseed meal of low toxicity and high protein value. This 
investigation showed that methyl-ethyl ketone containing up to 10 
percent water is the best of the known solvents for removing gossypol. 
Extensive laboratory investigations have been made to determine the 
optimum conditions of use of this material for extracting the gossypo! 
from cottonseed meal. 

Vitamin By» content of cottonseed flour—Samples of defatted, de- 
glanded cottonseed flour and of screw-press cottonseed meal were 
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found to be deficient in vitamin B,, when fed in the diet of rats at 
levels of from 20 to 79 percent. When supplemented with ample 
vitamin B,,, some of these rations, which contained adequate amounts 
of all other known nutrients, yielded results which indicated that 
these cottonseed products may be deficient also in an unidentified 
nutrient. 

Cottonseed flour as an inexpensive source of protein.—Comparisons 
were made of 10 percent of dried heat-coagulated eggwhite and 20 
percent of a sample of defatted, deglanded cottonseed flour (equiva- 
lent to 10 percent of protein) as the sole source of protein in B,,- 
deficient rat rations containing adequate amounts of all other known 
essential nutrients. Upon supplementing each of these rations with 
the same quantity of vitamin B,,, the cottonseed flour resulted in 
slightly greater growth than the eggwhite, thus demonstrating that 
cottonseed is an inexpensive source of protein. 

The nutritive value of the protein of cottonseed meals can now be 
evaluated by a bacterial assay method which correlated closely with 
the findings obtained by animal feeding. By means of this method, 
as well as by means of rat-feeding tests, evidence has been obtained 
for marked changes in the cottonseed protein as the result of various 
processing treatments. This new assay method is valuable as a re- 
search tool, since it saves much time and expense in determining 
nutritive values. 

Evaluation of cottonseed meal as protein supplement for growing 
chickens and pigs.—Cottonseed meals, processed by commercial meth- 
ods under the widest possible range of cooking conditions consistent 
with good oil yield, were fed to growing chickens as 39 or 70 percent 
of the diet. From the standpoint of over-all nutritional value, screw- 
pressed meals obtained under certain conditions proved satisfactory. 
The variation in gossypol contents of the various meals was reflected 
in the growth of chickens fed diets containing 70 percent of cottonseed 
meal but not in the growth of those fed 39 percent. 

Screw-pressed cottonseed meal processed by cooking at the proper 
temperature proved as satisfactory as soybean meal when used as the 
main source of protein for growing and fattening pigs; while a hy- 
draulic-pressed cottonseed meal was significantly inferior under simi- 
lar testing conditions. The findings on chickens and pigs, showing 
that screw-pressed meals of relatively high nutritive value can be 
obtained, thus justify marked increase in the use of cottonseed in 
feeds. 


F. SOME ADDITIONAL WORK NEEDED 


Fractionation (separation of components) of cottonseed meats. — 
Additional engineering development is required to improve the yield 
of purified meal from the fractionation process to 85 percent or more 
and to concentrate the pigment glands in the smallest amount of meal 
possible. The purified meal should be assayed as human and animal 
food. The information gained will permit an evaluation of the indus- 
trial feasibility of the fractionation process. 

Production and reactions of gossypol.—Additional work is needed 
to develop a commercially practicable process for the production of 
gossypol at a moderate cost. New compounds of gossypol should be 
made and evaluated in pharmacological tests. By such means it may 
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be possible to find a valuable use for this material. The method by 
which gossypol is detoxified when it is brought in contact with the 
meal should be determined. This can be done in part by investigating 
the reactions of pure gossypol with proteins and other seed constit- 
uents. 

Improvement of nutritive value of screw-pressed cottonseed meals. — 
All of the experiments on producing more nutritive cottonseed meals 
by using mild cooking conditions and low power for screw-pressing 
were made in one cottonseed-oil mill in Texas. It is desirable that 
confirmatory work be done at widely separated screw-press mills 
having different types of equipment and operating on seed grown 
under different conditions. When sufficient information is available 
from these widely scattered experiments, it should be possible to draw 
conclusions as to how variations in screw-press operation affect the 
quality of the residual meal to devise practices that would be most 
generally applicable. Additional information is also needed on the 
effects of changing the conditions of processing on the value of the 
oil. 

Universal method of cooking cottonseed meals.—Research is needed 
to develop a universal method of cooking that will detoxify cottonseed 
under minimum requirements of heat. Such a method would insure 
the production of cottonseed meals of low toxicity and minimum dam- 
age to the protein by any known method of cottonseed processing. 
Progress already made in improving the screw-press method of pro- 
cessing could then be extended to the hydraulic and solvent-extraction 
methods as well. 

Laboratory method for evaluating cottonseed meal.—It is desirable 


to —— a rapid chemical method for estimating the probable nutri- 
\ 


tional value of cottonseed meal. This method would have the follow- 
ing advantages: (1) It would make possible the selection of meals hav- 
ing high nutritional value and thus permit considerable screening 
prior to submission of meals for the more expensive confirmatory 
nutritional evaluation by feeding tests; (2) it would facilitate efforts 
by the oil miller to control his processing so as to produce the best 
possible product; (3) it would make it practical to give more informa- 
tion about the nutritive value of the meal on the label, so that feed 
dealers and users would have more adequate knowledge of the type 
of material they are purchasing. 

A study of the manner in which cottonseed protein is changed during 
processing, from the standpoint of effect on the essential amino acids 
available for human nourishment, is of utmost importance not only 
when applied to the cottonseed problem but also when applied to all 
processed foods. 

Gossypol towicity studies —Information is needed on the tolerance 
for gossypol of various species of animals. This is important in eval- 
uating various cottonseed meals on the basis of chemical determination 
of gossypol. 

CROSS REFERENCES—UTILIZATION 


For additional information on subjects reported in this chapter, 
see also: 


BHNHE No. b-3-6, Chapter 25, properties of fabrics as related to selection, care, 
and use. 
BAIC No. RRL-5-3, Chapter 38, utilization of flax and other fiber residues. 
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BHNHE No. RM: a-341, Chapter 25, family utilization of clothing and household 
textiles. 


BHNHE No. b-3-7, Chapter 25, clothing and household textile articles. 
BAI No. b-6-2, Chapter 3, cottonseed meal in poultry diets. 


C. MARKETING 
Corron Ginnine INVESTIGATIONS 
(BPISAE—e-3-1—-Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop better ginning equipment and techniques that will in- 
crease gin turn-out of cotton fiber of better quality. Ginning in its 
simplest form consists of preliminary screening to remove foreign 
matter, pulling of lint from the seed, packing of lint into bales, and 
recovery of seed. These operations may, and often do, damage some 
of the desirable natural qualities of the lint, with a consequent lower- 
ing of the price. Specifically the project aims to (1) discover the 
fundamental laws of cotton conditioning, cleaning, extracting, ginning, 
and baling; (2) design, build, and test equipment based on such laws; 
(3) develop new methods and practices whereby each operation will 
be facilitated by closer adherence to such fundamental laws; and (4) 
test and demonstrate such improved devices and practices in the inter- 
est of better ginning and lessened damage to the quality of lint and 
seed. The work is carried on as a cooperative project between the 
Division of Mechanical Processing, BPISAE, wt the Cotton Branch 
of PMA. BPISAE engineers assume responsibility for developing 


and testing new ae and processes, and Cotton Branch tech- 
t 


nicians determine the effect of such new processes on the quality of the 
fiber. RMA funds have been used for certain specific problems fall- 
ing within the general field of this project. 


B. CURRENTLY ACTIVE LINE PROJECTS 


e-3-1-1—Cotton gin stand research—the reciprocating moting 
device. To invent a device to be installed in a gin stand immediately 
behind the gin saws to agitate, scrub, and screen the lint in such a way 
. to remove motes and foreign matter without unduly injuring the 
int. 

e-38-1-2—Determination of moisture content for optimum opera- 
tion of ginning equipment. To determine the optimum moisture con- 
ditions for cleaning, ginning, and packaging cotton, develop means of 
maintaining these moisture conditions, and devise methods of quickly 
and automatically changing moisture contents as the cotton passes 
from one process to another. 

e-3-1-3—Develop a device for removing sticks from seed cotton 
before ginning. To develop devices and techniques for extracting 
sticks from seed cotton as it enters the cleaners and before the sticks 
and branches are ground up into many small pieces in order to facili- 
tate the cleaning process. 

-3-1-4—Develop a device for removing green bolls from seed 
cotton before ginning. To develop a means of removing green and 
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immature bolls from seed cotton during the cleaning process, thus 
removing a source of trash, of green stains on the lint, and of neppiness 
in the fiber. There is also included the further problem of reclaiming 
usable fiber from the bolls after they have been removed from the 
cleaner. 

e—3-1-5—Bulk seed cotton feeding control. To design an auto- 
matic regulator which will feed seed cotton into the ginning system 
at a uniform rate, thus preventing overmachining and consequent loss 
of grade. 

e-3-1-6—Foreign matter disposal at gins. To find an economical 
use for gin waste, hulls, leaves, stems, and trash by reducing to pro- 
ducer gas for power production, concentrating for use as fertilizer, 
and other possible uses. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Realizing the importance to the farmer of securing better ginning, 
the Congress established the United States Cotton Ginning Laboratory 
at Stoneville, Miss., in 1930. Some preliminary work was done before 
that at Tallulah, La., and other points, but 1930 marked the estab- 
lishment of the laboratory. The project was a cooperative one between 
the Bureau of Agricultural Economics, the Bureau of Agricultural 
Engineering, and the Mississippi Agricultural Experiment Station. 
Under the terms of the initial agreement, the State transferred the 
site to USDA, the Bureau of Agricultural Engineering assumed re- 
sponsibility for the mechanical aspects of the problem of developing 
better ginning machinery, and BAE assumed responsibility for the 
tests of fiber quality by which the mechanical improvements were 
evaluated. During these 20 years a rather complete ginning labora- 
tory has been built up, including virtually all standard commercial 
types of gins and accessories so that experimental equipment, new 
devices, and processes can be tested under full operating conditions. 
The fiber laboratory is equipped to determine the effect of the mechani- 
cal improvements upon fiber quality. 


D. FUNDS-——-ANNUAL EXPENDITURES 


The original appropriation for the engineering part of this pro- 
gram was $85,000 for fiscal year 1931, which covered considerable 
building and equipment expense. In 1932, the appropriation was 
$55,000; in 1933, $48,630; and during the latter thirties, out $35,000. 
Since then there has been a gradual increase to $80,880 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENT 


The Cotton Ginning Laboratory has established itself as the out- 
standing authority on cotton gin equipment and operation.—The 
manufacturers of gin machinery and the operators of commercial gins 
bring their problems to the project leaders for help and advice. There 
is hardly a modern gin which is not using one or more of the improve- 
ments originated at the laboratory. Since 1943, the USDA Extension 
Service has employed two extension specialists to carry the results 
of the laboratory’s work to State organizations and directly to cotton 
ginners. ‘Ten of the cotton States employ extension specialists, trained 
at the laboratory and cooperating with the Federal specialists to 
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further the use of improved ginning equipment. Each year hundreds 
of cotton ginners, growers, merchants, and spinners visit the labora- 
tories to secure technical assistance. 

The development of a seed cotton drier. —The Government process 
for drying seed cotton was first patented in 1928, and since then various 
improvements have been added. In 1935, 210 gins were using driers. 
In 1940, 1,419 had them; in 1945, 3,093; and in 1950, it is probable 
5,000 gins out of an approximate total of 9,000 will be using Govern- 
ment-type driers. 

Sm laelos: conveying system.—Cottonseed is taken from the gin 
saws and conveyed by air to trucks or to storage bins. In an average 
commercial gin, the seed-conveyor pipes were about 12 inches in di- 
ameter. The laboratory engineers developed a small-pipe system 
requiring 3 to 7 horsepower, as compared with 10 to 15 with con- 
ventional niin for moving equal amounts of cottonseed. Over 
500 have been installed in commercial gins. 

Standard density presses —It has long been recognized that present 
methods of packaging cotton are ineflic jent and wasteful. The pres- 
ent practice is to package lint cotton at the gin in bales of low density 
(about 12 pounds per cubic foot), ship the bales to a compress where 
they are repressed to standard density (about 22 pounds) for domestic 
shipment or to high density (about 32 pounds) for export. A gin 
press which produces “standard density” bales suitable for all domestic 
shipments was developed and thoroughly tested at the ginning lab- 
oratory. Complete details with respect to this development have been 
published. In the meantime, presses of this type have been installed 
at several commercial gins where both the economic and mechanical 
feasibility of gin standard- density compression have been demon- 
strated under commercial ginning and marketing conditions. An im- 
portant feature of gin standard- “density compression is the superior 
bale package thus afforded—superior from the standpoint of uni- 
formity in bale shape and dimensions as well as of protection of the 
bale contents. 

Plate dogs —Conventional methods and practices of packaging lint 
cotton at gins often result in bales of uneven density which show up 
in the market as “air cut,” “big-ended,” or “rolling” bales. Research 
developed the fact that uneven density was largely due to the forma- 
tion of “dog ridges” during baling. A continuous plate dog was 
invented and p: atented which is adopted to “up-pack” gin presses (the 
type of presses used in the majority of United States gins). If and 
when it is used on such presses, it would correct the problems of un- 
even density and, in turn, big-ended or rolled bales. 

Lint-flue cleaner.—The grade of cotton lint is largely determined 
by the amount of fine tr: ash it contains. Because of its light and 
fluffy condition the best place to remove this “pepper trash” is imme- 
diately behind the gin saws. After many trials and years of basic 
research, a new type of cleaner was designed for installation just 
behind the gin stand, and called a “lint-flue cleaner.” Over 500 clean- 
ers, based on the laboratory’s work, were in commercial use in 1949. 
This increased the grade of the cotton from one-third to one-half a 
grade without appreciable damage to its spinning qualities. From 
1.200 to 1.500 lint-flue cleaners w ill be in use in the 1950 cotton season. 
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F. SOME ADDITIONAL WORK NEEDED 


Waste-heat recovery.—A great deal of heat is generated during 
the ginning process. It is used, then released in the open air. In 
many gins, heat is used in drying seed cotton, and seed at one or more 
locations, and having served its purpose is dissipated. Studies should 
be made of efficient methods of saving as much as possible of this 
heat and putting it to some good use. Some practical means of 
collecting, compressing, and reusing waste and surplus heat would do 
much to reduce the costs of ginning. 

Aueiliary gin enterprises.—One of the economic handicaps to gin 
operation is the seasonal nature of the business. Most gins operate 
only 3 or 4 months per year, and for the remainder of the time the 
equipment stands idle, and the workers take other employment. 
There is need for investigating the possibilities of year-round opera- 
tion—using the whole or part of the power unit in operating other 
rural processing facilities (for example, canneries) ; producing cotton 
products which can be made without spinning at the gin; or in some 
other way providing more continuous operation. 


DerveLoPine Improvep EquiepMEent AND TECHNIQUES FOR GINNING AND 
ASSOCIATED Processes To Mintmize Losses AND INCREASE SALABIL- 
ry or Corron AND CoTrroNSEED 


(BPISAE—RM: a-71 and PMA—RM: c-71—Federal-State—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop improved equipment and techniques for cotton gin- 
ning and associated processes that will enable the ginning industry to 
preserve the inherent qualities of lint and seed, and (2) provide serv- 
ices as required by cotton producers under changing conditions of 
cotton production and harvesting. 

The ginning industry of this country is now in process of transition 
from an industry employing relatively simple mechanical equipment 
in small plants to a larger-scale industry requiring complicated me- 
chanical equipment and processes to cope with changes in production 
and harvesting. Intensive research is needed to enable the ginning 
industry to provide services as required by cotton producers under 
changing conditions. 

The work of this project differs from that being conducted by the 
same Federal agencies with regular funds at the United States Gin- 
ning Laboratory at Stoneville, Miss. The work under regular funds 
covers research on basic ginning processes, whereas this project is con- 
fined to such special items as the conditioning and storage of mechan- 
ically harvested seed cotton prior to ginning, special problems of 
ginning peculiar to specific settan: producing areas, conditioning of 
cottonseed at gins, development of new principles of cleaning cotton, 
and other problems occasioned by changing conditions in cotton pro- 
duction and harvesting. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-71-1 (PMA), RM:a-71-5 (BPISAE). Conditioning and 
storage of seed cotton with special reference to mechanically harvested 





COTTON, COTTONSEED, AND OTHER FIBER PLANTS 845 


cotton. The ginning of machine-harvested cotton is complicated by 
the excessive moisture content of such cotton and by the fact that it 
can be harvested so much faster by machine than it can be processed 
at existing gins. The ginning industry is faced with the alternatives 
of providing increased capacity which would be used during a shorter 
season or of developing facilities and methods for storing and condi- 
tioning the seed cotton for proper ginning after a period of storage. 
This project is designed to evaluate the effect of different types and 
lengths of storage on the quality of both lint and seed, and the com- 
parative economies of the alternatives facing ginners in areas where 
mechanical harvesting is practiced. 

RM: a-71-4 pee AE), RM: c-71-8 (PMA). Study of principles 
and methods of removing foreign matter from seed cotton based on 
recent developments in other sciences. The purpose of this project is 
to explore possibilities for adapting new principles to the removal of 
foreign material from seed cotton prior to ginning. Among the new 
principles upon which work is being done are aerodynamics, high- 
frequency vibration, and electrostatic attraction. The work is being 
done under contract by a private research institution. 

RM: c-71-7. Storing as an aid to more efficient ginning and mar- 
keting of mechanically harvested seed cotton. (Conducted by the 
Texas Agricultural Experiment Station.) The objective of this proj- 
ect is to study the advantages and disadvantages of storing seed cotton 
on the farm and at the gin. Questionnaires concerning experiences 
with seed cotton houses are being sent to all ginners in Texas, and gins 
with larger cotton houses will be given more intensive study. 

RM: c-71-9 (PMA). Development of equipment and methods for 
conditioning, cleaning, and handling of cottonseed at gins to preserve 
viability and milling quality. RM: a~71-11 (BPISAE). Cottonseed 
conditioning, cleaning, and handling at gins. This project is con- 
cerned with development of equipment and methods of artificially 
drying cottonseed at gins to retard deterioration without injury to the 
viability of the seed or to the quality of the milled products. and 
adaptation of such equipment and methods to cotton ginning and seed 
handling and storage operations. 

RM: c-71-10 (PMA). Research on ginning problems peculiar to 
the low-humidity areas of the western cotton-producing States. RM: 
a-T1-12 (BPISAE). Evaluation of different effects of ginning proc- 
esses and methods on irrigated cotton. One reason for the establish- 
ment of the United States Cotton Ginning Branch Laboratory at 
Mesilla Park, N. Mex., was to adapt the new inventions and processes 
developed at the Stoneville Laboratory to use with irrigated cottons. 
In general, irrigated cotton fibers are longer and finer than rain-grown 
cottons, and the atmosphere and the cotton itself are much drier than 
in other areas. Hence, it will be necessary to alter or adapt the ginning 
equipment developed at the Stoneville Laboratory to make it useful 
in irrigated areas. 

RM: a-71-13 (BPISAE). Control of static electricity at gins. Un- 
der some conditions in all parts of the Cotton Belt, static electricity 
develops within the gin outed’, choking the flow of cotton, making 
baling difficult, and presenting a serious fire hazard. Such conditions 
occur quite frequently in the arid and semiarid sections of the Far 
West and Southwest. This project is concerned with the development 
of means for the control of static during ginning. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The first work initiated in fiscal year 1948 covered the goumitiening v 
and storage of mechanically harvested seed cotton. This project i 
practically complete, awaiting only some further tests on very wet 
cotton and the completion of the report. 

Funds for the construction of a building for the Cotton Ginning 
Branch Laboratory at Mesilla Park, N. Mex., did not become available 
until the fiscal year 1949, and the machinery and equipment were 
obtained early in the fiscal year 1950. The building, complete with all 
its equipment, was dedicated on December 17, 1949, and work began 
immediately. Part of the work under this project is being conducted 
under contract. 


D. FUNDS—ANNUAL EXPENDITURES 


Federal expenditures for this work have been approximately as 
follows: 


TOAt Cotton Otlice of 
aa | Branch, Experiment 
sia i PMA Stations 


1 


$22, 200 $25, 000 0 
219, 000 | 56, 000 $4, 400 
120, 500 78, 000 | 3, 000 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


De te rmination of conditions re quired for storage of seed cotton prior 
to ginning to avoid. de te rioration of lint and Sé ed.—The conditions re- 
quired for satisfactory storage of seed cotton prior to ginning and 
practical methods for attaining such conditions have been determined 
on the basis of extensive empiric “al tests. 

A new ty pe of ¢ quipme nt for cle aning seed cotton based on the pr in- 
ciples of aerodynamics has been developed to the embryonic stage. 
Application has been made for a public patent on this equipment. 

Establishment of branch cotton ginning laboratory for conducting 
research on special problems of ginning cotton im low-humidity 
areas.—F ully equipped facilities for conducting research on special 
problems of ginning cotton under conditions of low humidity have been 
provided at Mesilla Park, N. Mex. 

De te rmination of sate limdts of drying te mpe ratures and Pe riods of 
exposure of high-moisture-content cottonseed —Information with re- 
spect to drying temperatures and air volumes required for effective 
drying of cottonseed of high moisture content and safe limits of dry- 
ing temperatures and periods of exposure, from the standpoint of 
viability and milling quality, has been developed on the basis of 
extensive empirical testing. 


F. SOME ADDITIONAL WORK NEEDED 
Adapting and testing new gin equipment and techniques in differ 


locations in the Cotton Belt.—There is need for additional work t 
adapt the new ginning improvements developed at the United States 
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Cotton Ginning Laboratory to the conditions existing in the different 
cotton-producing areas. 

Fire prevention at gins —Each ginning season is marked by serious 
and costly fires in gins and in baled cotton in storage or in transit. 
These fires may be caused by matches, steel or other metal in the seed 
cotton, static electricity, or other causes occurring within the gin even 
though the fire may not break out in the bale until after it has left the 
gin. Research is needed to determine clearly the causes of fires and 
means of prevention. Every possible means of identifying “hot bales” 
before they leave the gin should be fully investigated. 

Elimination of big-ended bales —A number of things may singly or 
acting together cause a cotton bale to be unevenly packed with lint, 
resulting in a bale of uneven density. Possibly one end may be much 
larger than the other, or one side of the bale may be heavier than the 
other, or the center of gravity may be far away from the center of 
the bale. When such big-ended or lopsided bales get to the compress, 
they cause a hold-up in the production line, because many such bales 
have to be taken out of the line, torn apart, and rebuilt. Research is 
needed to develop either equipment at the gin which will prevent the 
packing of uneven bales, or compress machinery which will handle 
poorly made bales without the heavy expense involved by the present 
methods. 

Cotton ginning branch laboratory to serve the Southeastern States — 
The Cotton and Cottonseed Advisory Committee at its meeting on 
March 1-2, 1950, “again went on record as favoring the construction 
of a branch cotton ginning laboratory to serve the Southeastern States, 
to be financed through specific congressional appropriation for the 
fiscal year 1952.” 


Costs AND MaraINs or CooperaTive Corron Grins 
(FCA—RM :c-438—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To analyze revenues, costs, and margins of cooperative cotton gins to 
determine pees changes needed to affect economies and increase 


efficiency of operations. In order to properly evaluate ginning costs 
and expenses, all revenues and margins must also be considered. Mar- 
gins realized in buying and selling cottonseed and seed cotton, and 
for some gins’ lint cotton, are considered in this study along with 
revenues and expenses incident to operating the gin plant. Ginning 
cotton and marketing cottonseed, and in some cases cotton, are joint 
enterprises with joint costs for practically all cotton gins. No satis- 
factory method is available for separating administrative costs as 
between ginning proper and these marketing activities. 

Uniform financial records have been obtained from 220 cooperative 
gins in 7 States for the 1947-48 and 1948-49 seasons. These records 
were taken from annual audits and included complete details as to 
revenues, costs, and expenses. These audit records were supplemented 
by data from these same gins for 1949-50 on volume ginned by weeks 
in relation to total man-hours of labor employed each week. 

The primary business of these cooperatives is ginning cotton and 
associated marketing services. Each cooperative gin is a separate 
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and independent business. There is no administrative supervision 
from a parent organization, as in line gins owned by cottonseed oi! 
mills. dn the other hand, the paid manager of the cooperative, unlike 
owners of private gins, drs has no other business activities or 
responsibilities. Thus, financial records of these cooperatives repre- 
sent ginning costs and margins both inclusively and exclusively. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c 438-1—Costs and margins of cooperative gins. To analyze 
revenues, costs, and margins of a representative number of cooperative 
cotton gins. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The current study is similar to one made by Farm Credit Admin- 
istration some 15 years ago. Costs and margins of 95 cooperative 
gins in Oklahoma were analyzed for the 1933-34 operating season. 
Comparison of the results of these two studies shows changes that 
have take place in costs and margins of ginning operations during 
that period. 

Results of this current study of cooperative gins will be generally 
applicable to privately owned commercial gins. Cooperatives perform 
the same services and at the same competitive rates and prices as 
commercial gins. The initial ginning charges and cottonseed prices 
to farmers are exactly the same in either case. The only major dif- 
ference is that cooperatives, in effect, adjust their initial rates and 
prices at the end of each fiscal year by distributing as patronage re- 
funds the excess of total revenues above all costs and expenses. 


D. FUNDS—-ANNUAL EXPENDITURES 


The fiscal year expenditures in conducting this project have been as 
follows: 1949, $11,200; 1950, $20,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Utilization of labor—Many cotton gins waste half or more of the 
labor for which they pay during the operating season. For example, 
27 Oklahoma cooperative 5-80 plants ginned 71,813 bales during the 
1949-50 season and used an average of 3.78 man-hours per bale for 
labor and management. During their best week 2.28 man-hours per 
bale were used. A 5-80 plant with a full crew can gin cotton at the 
rate of 1.76 man-hours per bale under normal operating conditions. 
Thus these gins received no revenue from 53.4 percent of the labor 
for which they paid during the total operating season. Even during 
their best week 22.8 percent of the labor for which they paid was 
not utilized. Obviously, these results are due to intermittent operation 
throughout most of the season while the gin crew is paid on a daily 
stand-by basis. Labor and management expenses make up a third 
or more of total ginning expenses. At prevailing rates for salaries 
and wages this unused labor cost was approximately $2 per bale ginned. 
Stated another way, these 27 associations could have ginned more than 
twice as many bales in the same period of time without hiring any 
additional labor had the cotton been available. This would have re- 
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duced other ginning expenses per bale, although proportionally less 
than for labor. 

Possible solutions to this [ xaemee are storage of seed cotton either 
on the farm or at the gin during the peak of the harvesting season 
and similar storage in connection with reduced ginning days per week 
during the beginning and end of the harvesting season. 

Margins on cottonseed—In most instances gins realized more net 
income per bale from handling cottonseed than from ginning the 
cotton. Over a period of years, and for plants with average volume, 
ginning revenues, including charges made for bagging and ties, tend 
to be about the same amount per bale as total operating expenses. 
Profits of commercial gins tt sevings of cooperatives are, for the 
most part, realized from handling cottonseed. For this reason any 
analysis of ginning revenues and expenses should consider margins 
realized on cottonseed. 

The table below shows comparative revenues, margins and expenses 


of 5-stand cooperative gins in Oklahoma for 1933-34 and 1948-49 at 
2,500 bales volume. 





ad ; Increase 
| 1933-34 | 1948-49 an 
| per bale | per bale 1948-49 


: . over 
ginned | ginned 1933-34 


Items compared 


Revenue from ginning and wrapping P 7 $12. ¢ 
Margins on cottonseed and cotton 


3 
Total revenues and margins 

Total expenses, including B and T 
Net gain, all operations 


Over this 15-year period revenues per bale from ginning and wrap- 
ping and also total ginning expenses, increased a little over two and 
one-half times. For both seasons, at 2,500 bales volume, revenues per 
bale from ginning and wrapping was little more than total expenses. 
At volumes below 2,000 bales, average eXpenses per bale would have 
exceeded revenues. 

Effects of volume on per bale expenses.—This study confirms the 
results of numerous other studies of the importance of volume on per 
bale expenses. Total ginning expenses of 5-80 plants in Oklahoma 
during 1948-49, including the cost of bagging and ties, are shown 
below at intervals of 1,000 bales volume. 

Volume in bales: Total expenses 
dis ee Ee seiegelnicy Aten chiiaes cen nceaeltid goa senn eb escaeietaa a $16. 59 


P 


These data emphasize that any comparative analysis of ginning costs 
between plants of different size, or of plants differently equipped, must 
be made at the same volume, since the difference in costs due to volume 
would overshadow differences in average costs for other variables 
being studied. 


F. SOME ADDITIONAL WORK NEEDED 


Daily utilization of labor and analysis of margins.—An intensive 
study is needed for a relatively few gin plants of daily operations. 
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Daily volume in relation to labor used would determine potential 
man-hour costs per bale as a basis for accurately measuring labor 
utilization for the season. Daily margins between prices for cotton- 
seed at the gin and available prices at nearby oil mills are needed to 
measure actual margins on cottonseed, ruling out gains or losses due 
to price change. 

Inte gration of ginning with other operations.—Intermittent opera 
tions of gins also suggest the possibility of integrating ginning, cotton- 
seed oil milling , standard density compression, warehousing and stor- 
age, and the marketing of lint and other products all in a single 
cooperative enterprise. A preliminary study on a small scale of the 
possibilities of integrated operations is presently under way as a line 
project under gener: al funds. Enlargement and expansion of the pro}- 
ect is needed. Careful study and analy sis of the economic possibilities 
of such an integrated enterprise are needed. An integrated operation 
of this kind by receiving cotton in the seed from farmers could operate 
around the clock for 6 or more months each year instead of intermit- 
tently for a period of 5 to 25 weeks, as under existing practices. The 
significance of this situation is indicated by the fact there are enough 
gin plants in the United States to gin an average crop in 10 to 12 days 
if all available plants were operated to capacity. Other related 
facilities such as cottonseed-oil mills and cotton compresses are in 
excess of requirements if operated to capacity. 


Price, Surety, AND Consumprion ANALYsIs FoR Farm Propvuctrs 


(Corron) 


(BAE—A-—2-7—Federal-Regular Funds: BAE—-RM :c-33—Federal-State-RMA 
Funds) 


(The discussion of line projects and expenditures on project RM: c-33 in this 
and other commodity chapters covers only work done by BAE. A general sum 
mary statement for this project, in chapter 27, “Prices and Income,” summarizes 
not only the research and expenditures of BAE but also shows expenditures of 
OBS and lists OES line projects carried out through State and Territorial experi- 
ment stations. ) * 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
cotton and rayon; (2) determine and measure the factors affecting 
prices, production, consumption, and utilization of cotton and cotton 
products, including the influence of competition from related fibers; 
and (3) make the results of such appraisals and analyses available 
through regular publications and on special request to farmers, Gov- 
ernment agencies, and the general public. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-10—Analysis of current situation and outlook for cotton and 
rayon. To (1) appraise the current and prospective economic posi- 
tion of cotton and rayon; (2) carry on the statistical and analytical 
work necessary thereto, and (3) make the results available through 

regular publications and on special request. The Cotton Situation 
is prepared and issued under this line project. 
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RM: c-33.15—Price, supply, and consumption analysis for cotton 
and cotton products. ‘To supply a basis for measuring the potential 
markets for cotton and cotton products and the most effective means 
of expanding these outlets. An ere al objective is to measure 
the factors affecting the general level and structure of cotton prices. 
American cotton is facing increased competition from synthetic and 
other products in domestic and foreign markets. More knowledge 
of the effects of basic factors on market outlets for cotton and cotton 
products and prices is necessary to cope with these problems, and 
there is also need for a better understanding of the significance of the 
supplies and comparative prices of synthetic fibers. In connection 
with the economic and statistical analyses involved in this project 
work, there is also under way the preparation of a basic statistical 
handbook on cotton. 


C. HISTORY AND EVOLUTION OF THIS WORK 
(See this project in Chapter 27, Prices and Income. ) 
D. FUNDS—ANNUAL EXPENDITURES 


Expenditures by BAE from regular budget funds during the 
fiscal year 1950 amounted to about $15, 300 ; expenditures by BAE ‘from 
RMA funds amounted to approximately $6,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A basic bulletin, Factors Affecting the Price of Cotton, was pub- 
lished in 1928. Numerous compilations of basic data on cotton and 
special analyses relating to the cotton problem have been prepared 
from time to time. A handbook of basic materials, Cotton Statistics 
and Related Data for Agricultural Workers, was prepared in 1932, 
and a similar publication, Statistics on Cotton and Related Data, was 
prepared in December 1939 for use at the international cotton meet- 
ngs. During 1945 a large amount of analytic material relating to 
otton was prepared for a series of documents developed by the Inter- 
departmental Technical Committee on Cotton. An example of this 
was Miscellaneous Publication 557, Domestic Cotton Surplus Disposal 
Programs, published in September 1945. Similar material was also 
prepared for the Study of Agricultural and Economic Problems of 
the Cotton Belt, a study requested by, and published in, the hearings 
of the Special Subcommittee on Cotton of the Committee on Agricul- 
ture, House of Representatives, Eightieth Congress, first session, July 
1947, 


F. SOME ADDITIONAL WORK NEEDED 


The analytic work on cotton needs to be extended to cover the de- 
mand for end products containing cotton by household consumers and 
industrial users, and it also needs to be extended to cover more thor- 
oughly the competitive effects of other fibers. Research along these 
lines would strengthen the general outlook work for cotton and provide 
\ firmer basis for long-time adjustment programs. 





852 AGRICULTURAL RESEARCH AND RELATED SERVICES 


ConSUMER PREFERENCE Researcu (Corron) 


(BAE-—A-—2-25—Federal-Regular Funds; BAE, BHNHE, OES-RM: ¢c-31—Fed 
eral-State—RMA Funds) 


(Related consumer preference reasearch by BAE on other commodities jis 
discussed in other commodity chapters. Consumer preference research con- 
ducted by BHNHE and OBS, as well as line projects of BAB involving more than 
one commodity, are discussed in the general statement on consumer preference 
research in Chapter 26, Bconomics of Marketing. ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain information about the attitudes and preferences of dif. 
ferent groups of consumers toward cotton in items of clothing, house- 
hold fabrics, industrial products in which cotton is used, and any 
other form in which cotton reaches a particular class of consumers. 
Through such research to increase the domestic market for cotton, and 
improve the manufacture and merchandising of cotton products for 
the mutual benefit of cotton producers, marketing agencies, and con- 
sumers. Although consumer preference research on cotton was be- 

un with regular appropriations for economic investigations, those 

unds were not adequate to meet the demands for seenkaeh in this field. 
Allocations fram Research and Marketing Act funds made it possible 
to meet, in part, the intensified demand from farmers’ organizations 
and industry for such surveys on the possibilities of expanding outlets 
for cotton and cotton products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-25-4—-Mothers’ preferences among selected items of children’s 
clothing. To ascertain mothers’ fiber preferences, dislikes, and reasons 
for such attitudes among selected items of clothing for children |: 
years old or younger ; also, mothers’ experiences with different fibers 
in the different garments. 

A-2-25-5—Women’s fiber preferences among selected items of 
household textiles. To discover fiber preferences, usages, and reasons 
for such preferences and usages in selected household fabrics among 
homemakers. Items covered are bedspreads, draperies, upholstery, 
curtains, slipcovers, blankets, scatter rugs, and awnings. 


RMA Fumds 


RM: c-31.23—F abric and fiber patterns of use and preference among 
automobile manufacturers. To explore the use of certain agricultur- 
ally produced textile fibers and their competitors in automobile upho!- 
stery and linings, to ascertain reasons for present practices, to obtain 
information on trends in the use of certain fabrics, and to discove! 
what characteristics manufacturers want in fibers and what changes 
in present characteristics might lead to wider usage. 

RM: c-31.24—F abric and fiber patterns of use and preference among 
tent and awning manufacturers. To determine tent and awning 
maufacturers’ present usages of fabrics, reasons for such usages, fibe: 
preferences, desired characteristics of fabrics, relative costs, and r°- 
lated matters. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The first of these consumer preference studies on cotton was begun 
in the fiscal year 1947. Using regular appropriations, research was 
undertaken on articles of women’s clothing. ‘This was followed with 
studies related to men’s clothing, children’s clothing, and household 
textiles that were financed with RMA funds. RMA funds are also 
being used to expand these studies to include the use of cotton in auto- 
mobiles, awnings, and other industrial products. 


D. FUNDS—-ANNUAL EXPENDITURES 


Consumer preference research on cotton undertaken by BAE dur- 
ing the fiscal year 1950 cost $91,000 from regular funds and $17,000 
from RMA funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Improved merchandising of cotton and cotton products. —Completed 
consumer preference research on cotton includes surveys on women’s 
clothing and men’s clothing. The National Cotton Council dis- 
tributed results of the study of women’s preferences among selected 
articles of clothing widely throughout the cotton trade by means of a 
brochure which it published, and a national magazine for women 
printed a detailed summary which it sent especi ially to department 
stores that deal in yard goods. The information was also widely used 
in advertising campaigns directed to distributors and consumers. 

Supplied basis for improving cotton products.—Research workers 


in the New Orleans regional research laboratory of the Department of 
Agriculture report that information already published as a result 
of these studies will furnish a valuable guide to future technological 
research on fiber characteristics. The results also supply a basis for 
reexamination of facilities, techniques, and procedures in manufac- 
turing, converting, and fabricating cotton products. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion to cover other groups of consumers.—At present, the ob- 
jectives covered are only a small part of those that bear on the prob- 
lem, so that further work will enlarge the scope of the information 
obtained. In many cases there is a need for the recurring collection 
of such information in order to establish time series of data. For 
example, the first and highly successful survey on Women’s Prefer- 
ences Among Selected Textile Products, if repeated as desired in 
1951 (5 years after the original survey), would no doubt disclose sig- 

ificant differences which have developed in fiber preferences and 
in trends of use. 

The study of institutional and industrial consumers needs to be 
expanded. For example, the survey of awning manufacturers ought 
to be supplemented by studies among architects and builders, especially 
of factory, office, hotel, and similar structures, for it is often at this 
point that the decision about what type, if any, awnings to be used 
ismade. Studies among the manufacturers of rope and cord: age are 
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highly desirable in the near future. Cotton in the manufacture of 
insulated electric wire is coming into increasingly greater competiti 
with other insulating materials and a study among these industri al 
consumers should prove useful. In fact, there are many industries 
using cotton in their products where this fiber is in heavier competition 
with other materials than was for merly the case. Such consumers 
need to be studied to find out why they may be decreasing their use of 
cotton and what can be done to restore it to favor. 


MEASUREMENT oF Costs AND Mararns in Marketine Farm Propucrs 
( TEXTILEs ) 


(BAE—RM: c—-163-5 anp 6—FEpDERAL—RMA Funps) 


(Related work in this project is discussed in other commodity chapters an 
ch, 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) measure costs and margins in marketing cotton and wool and 
their products, (2) indicate the influence of factors affecting these 
costs and margins, and (3) indicate means of increasing the tenes 
and of reducing the costs of marketing these products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c—163.5—Measurement and analysis of changes in margins and 
costs for matoatie textile products. To assemble information to 
show periodically margins and costs for cotton and wool and thei: 
products at each important stage in the marketing procedure; to indi 

cate the relation of changes in these margins and costs to changes i! 
prices and in other fac tors; and to indicate means of bringing about 
needed adjustments. 

RM: c-163.6—Analysis of efficiency and costs of manufacturing 

carded cotton yarns. To assemble : and ant aa information to _ 
what appears to be the most promising areas and the most feasit 
means af ‘educing costs of manufacturing canted cotton yarns. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general typ: 
by the Research and Marketing Act of 1946, and these lines of work 
were approved by the Cotton Advisory Committee fairly early in the 
development of the RMA program. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The costs of these RMA projects on costs and margins in marketing 
textiles undertaken by B AB totaled $4,400 during the fiscal year end- 
ing June 1948; $62,400 for the fiscal year 1949, including a contract: 
and $17,800 for the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Information relating to changes in margins for textiles shows that 
the proportions of net sales accounted for by gross margins of whole- 


at + tee am ete at Gk oe id 





‘yp 
york 
the 


COTTON, COTTONSEED, AND OTHER FIBER PLANTS 855 


salers and of retailers of textile products increased during the early 
1940's, but that in the postwar period they have decreased, and by 1948 
were approximately equal to those in 1939. : 

The results of studies of the efficiency and costs of manufacturing 
carded cotton yarns now being prepared for publication show how sub- 
stantial reductions in these costs could be made by the use of improved 
machinery and by adjustments in organization of plants and in work 
loads for machinery and labor. 


F. SOME ADDITIONAL WORK NEEDED 


Further research is needed to keep data on costs and margins up to 
date and to show the relations of these costs and margins to changes 
in prices and in other factors and to indicate feasible means of bring- 
ing about desirable adjustments. Studies of efficiency and costs sim1- 
lar to that completed for manufacturers of carded cotton yarns need 
to be expanded to other segments of the cotton and wool textile 
industries. 


RegionaAL Marketine or Corron (Incituprne Corronseep) 


(BAE, PMA, FCA, BPISAE—RM: b-228—-Federal-State—RMA Funds) 


(Conducted in cooperation with the States on regional project SM.1—-See ch. 39) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) strengthen the competitive position and expand the outlets 
for American cotton through adjustments in quality to market 
requirements and improvements in marketing efliciency which will re- 
duce costs; and (2) provide a closer correspondence between prices, 
the quality of the cotton produced, and the market value of the prod- 
ucts. Information on qualities of cotton best suited to their needs is 
being obtained from mills, and marketing agencies are being studied 
to find out about the marketing methods and channels used and serv- 
ices rendered in connection with the handling of raw cotton. All the 
work done under this project is in close cooperation with the agricul- 
tural experiment stations of several of the cotton-growing States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : b-228.2—Marketing of one-variety community cotton. To 
assemble information that will show the extent of the differences 
between one-variety and other comparable areas in quality or spin- 
ning value of the cotton produced; in costs of production; and in 
marketing facilities, methods, practices, and costs. This information 
is intended to show what changes are needed to improve marketing 
methods, practices, and costs and to realize more fully the benefits of 
one-variety area production. 

RM: b-228.3—The buying practices and demands of mills using raw 
cotton. ‘To secure information from mills which can be used as a basis 
for recommending adjustments in the cotton-marketing system so as 
to supply mills with the qualities of cotton best suited to their indi- 
vidual requirements; and to provide for the movement of cotton from 
farms to mills in the most efficient manner. Results should ultimately 
benefit cotton farmers as well as cotton mills. 
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RM: b-228.4—Efficiency and costs of marketing cotton. To de- 
velop information regarding the relative efficiency of the major mar- 
keting channels as a basis for recommendations to increase the 
efficiency of the cotton-marketing system through improvements in 
the services offered and reductions in the costs of the marketing proc- 
esses. ‘These studies will supplement work being done under Depart- 
ment projects relating to both the measurement of costs and margins 
for cotton and products all the way from producer to consumer, and 
the analysis of factors affecting cost and efficiency in carded-cotton 
mills which is being conducted under contract. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Agronomic work by the Department on the one-variety idea dates 
back several decades. Marketing problems similar to those covered 
by this project also received some attention in those years, the Depart- 
ment conducting research in certain phases of the field on an irregular 
basis since about 1927. Activities under the present work project were 
started on an experimental basis in 1948. During that year the re- 
search was confined mainly to the marketing of one-variety community 
cotton as contrasted with the usual marketing of cotton in comparable 
community areas. In 1949 research relating to the marketing of one- 
variety community cotton was expanded to a belt-wide basis, and 
studies relating to the buying practices and demands of mills using 
raw cotton were begun. During 1950 studies relating to the market- 
ing of one-variety community cotton were mostly completed. Prog- 
ress was made on studies relating to the buying practices and demands 
of mills using raw cotton, and research relating to the efficiency and 
costs of marketing cotton on a belt-wide basis was started, the areas 
covered including both one-variety and other communities. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds spent on this project by Department agencies through the 
end of June 1950 are: 





Fiscal year 
1948 
i 


———_—_ papa apie ——— — — 


Fiscal year | Fiscal year 
1949 | 1950) 





$2, 500 | $7, 500 $9, 800 
5, 200 | 3, 800 
0 





E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Disclosure of fact that many of the areas designated as one-variety 
are not truly one-variety areas, and the marketing methods and prac- 
tices in some of them are essentially the same as those in other adjacent 
areas.—Among other discoveries: In truly one-variety community 
areas, the cotton was found to be more uniform in quality and some 
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of the marketing methods and practices were better than in adjacent 
areas. But considerable improvements are needed before producers 
in one-variety areas can hope to realize the full benefits of one-variety 
production. 

Disclosure of qualities of cotton used in the manufacture of specific 
kinds of fabrics, the sources from which this cotton was obtained, and 
the buying practices of mills—-This information will be useful as a 
basis for indicating the adjustments that must be made if mills are 
to be supplied with the kind of cotton relatively best adapted to the 
manufacture of specific kinds of products they make. 


F. SOME ADDITIONAJ, RESEARCH NEEDED 


Additional research relating to buying practices and demands of 
mills would disclose the influences of various factors in determining 
the qualities of cotton relatively best suited to the production of 
specific products, the areas relatively best suited to the production of 
this cotton, and changes the marketing methods and practices needed 
in order to most economically provide mills with the kind of cotton 
that will most advantageously meet their needs. These findings will 
be of direct value to producers in indicating market trends and pros- 
pective income from the varieties of cotton most suitable for different 
areas. 

More intensive studies on marketing phases.—Studies relating to 
the efficiency and costs of marketing cotton have been concerned 
mainly with the channels, services, and charges for marketing. This 
information supplies the background for more intensive studies of 
specific channels, agencies, and services, to serve as a basis for indicat- 
ing changes to increase efficiency and reduce costs. 


Marketing Mernuops anp Disrrinution ror Corron 
AND COTTONSEED 


(PMA—Federal— Marketing Farm Products Funds) 


The various phases of the work under this project have the com- 
mon objective of developing improved marketing methods, facilities, 
and procedures for the marketing of cotton and cottonseed. The 
variety and extent of the work on these commodities has made it ad- 
visable to organize and conduct the various phases under subprojects 
as follows: (1) Developing improved practices, facilities, and pro- 
cedures for the marketing of raw cotton; (2) marketing practices of 
cotton mills in procuring cotton of qualities needed in relation to 
qualities produced by crop-improvement groups; (3) improved tech- 
nology for ginning and associated processes in the preparation of cot- 
ton and cottonseed for market; (4) economic aspects of commercial 
cotton ginning operations in the preparation of cotton and cottonseed 
for market; and (5) developing improved practices, facilities, and 
procedures for the marketing of cottonseed. 


78552—5 1—-vol. 1 55 
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DeveELoping ImMprovED Practices, Facinrrrmes, AND PRocepvrEs 
FoR THE Marketine or Raw Corron 


(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To reduce the costs of marketing cotton and provide more equitable 
returns to growers by developing factual information necessary for 
evaluating the marketing system for raw cotton in all its stages ‘from 
farms to cotton mills. Emphasis is on improving procedures and 
practices in marketing and incidental services such as sampling, 
classification, weighing, marking, storage, compression, and trans- 
portation with a view to increasing the efficiency of the marketing 
system. Particular attention is given to the possibilities of improving 
trading conditions and facilities at markets where growers sel] cotton. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Determining costs and practices of preparing cotton for market 
and for physical handling in marketing channels.—To ascertain the 
actual charges paid by growers for ginning and packaging cotton in 
all sections of the Cotton Belt and to dev elop information from season 
to season relative to charges made for the storage, receiving, and com- 
pression of cotton by public storage agencies, in order to measure the 
efficiency of such services and the factors influencing the level of 
charges. 

Developing improved methods of sampling cotton bales and their 
coordination with marketing procedures. —To develop a method of 
sampling cotton bales at gins, by automatic mechanical means that 
will provide a truly representative sample of the bale contents with- 
out requiring mutilation of the bale covering and subsequent loss or 
damage to exposed cotton, and to devise means of coordinating such 
an improved sampling technique with marketing procedures in order 
to use the sampler on a commercial scale. 

Appraising procedures, practices, and pricing methods utilized in 
the marketing of cotton at major spot markets.—This study is designed 
to appraise the use of Government classification in trading at the 
major spot markets and to aid in the selection of the most logical 
markets for the purpose of collecting and distributing detailed and 
accurate market news information to farmers, under the provisions of 
the United States Cotton Futures Act. Another objective is to ascer- 
tain the possibilities and advantages of increasing the volume of di- 
rect trading between producers and marketing agencies located at 
major spot ‘markets with a view to reduci ing marketing costs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although some studies of practices in the marketing of cotton had 
been conducted by the United States Department of Agriculture pre- 
viously, work under this project was initiated during ‘the 1932 fiscal 
year. The work initiated at that time was limited to research on 
such chronic problems of cotton marketing as tare practices snd 
weights used in marketing transactions. The work was later brou- 
ened to include studies of lines of movement of cotton between pro- 
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ducers’ and spinners’ markets, problems and costs of physical handling 
of cotton in marketing channels, price-quality relationships in pro- 
ducers’ local markets, and cost of preparation of cotton for market. 
In 1935 the first belt-wide study of meee practices in producers’ 
local markets was conducted. This study indicated the need for pub- 
lic services to provide cotton producers with impartial information 
with respect to the quality and market value of their product to im- 
prove their bargaining positions in marketing. With the enactment 
of the Smith-Doxey Act in 1937 to provide classification and market 
news services to cotton producers organized for cotton quality im- 
provement, the emphasis in marketing research was concentrated on 
such technical problems of marketing cottons as sampling and identi- 
fication of cotton bales. Beginning in 1944 a series of studies of 
marketing practices and problems in the central spot markets was 
initiated. 


D, FUNDS-—-ANNUAL EXPENDITURES 


For the 1950 fiscal year, approximately $35,000. Expenditures 
have ranged from $10,000 to $35,000 per year from 1931 to 1949, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of an automatic mechanical device for sampling cot- 
ton bales has been accomplished entirely through research in the De- 
partment. ‘This sampling machine consists of several units of related 
apparatus which collect, assemble, press, and package a truly represen- 
tative sample without mutilating the bale covering. Public service 
patents have been granted on original features of this device. 

Designing a permanent identification tag for cotton bales —A 
metal tag attached to a steel wire anchor inserted in the ginned lint 
before the bale is pressed and tied has been developed and patented. 
This tag preserves pertinent information as to the origin, number, 
and year of growth of the bale. It is also corrosion- and fire-resistant. 

Maintenance of an extended series of data relating to charges for 
ginning and packaging cotton and the physical handling of bales in 
marketing channels.—Information relative to charges paid by growers 
for ginning and packaging cotton has been assembled and compiled 
seasonally since 1928. Records of charges assessed for storing, receiv- 
ing, sampling, and compressing cotton likewise have been maintained 
since 1932. Such data have prompted study of the various factors in- 
fluencing the level of such charges and aided in determining total costs 
involved in producing and marketing cotton. 

Studies of marketing practices in produeers’ local markets.—In 1935 
and again in 1947 studies were conducted at typical producers’ mar- 
kets providing detailed information on the practices of growers in 
selling cotton, their use of governmental marketing aids, the facilities 
available in such markets, and the procedures of first buyers used in 
reselling the cotton. These have been the only such belt-wide studies 
and have provided essential background information for planning 
improvements in local market facilities and practices as well as ap- 
praising the effectiveness of governmental marketing services. Find- 
ings have highlighted the nature and extent of undesirable practices 
pee require correction to improve the bargaining position of cotton 
armers. 
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Studies of the packaging of raw cotton—Through extensive ex- 
perimentation several means of eliminating undesirable features in 
the packaging of cotton were definitely established. Tests indicated 
that standardization of wrapping materials and subsequent net-weight 
trading in cotton were entirely feasible. Lighter-weight materials for 
wrapping and tying bales were found to be ‘suitable. 


F. SOME ADDITIONAL WORK NEEDED 


Improvement of trading practices at producers’ local markets.— 
Detailed case studies of selected producers’ markets where improve- 
ments in procedures have been outstanding are highly desirable for 
use in providing growers elsewhere with a guide for possible correction 
of undesirable features of local market operation. 

Development of a more effective market news service-—A study 
should be made of possibilities for expanding the use of market news 
service for cotton and of providing more timely quotations for a wide 
range of qualities at a greater number of representative spot markets. 
This would make available price and other market information for use 
by producers along with the official classing service, and thereby im- 
prove the bargaining status of growers. 

Appraisal of possibilities for increasing the volume of trading at 
producers’ markets.—Many markets receive too small a volume of sales 
to attract more than one buyer. Such markets are not highly competi- 
tive, cannot support proper facilities, and increase marketing costs 
unnecessarily. Studies are desirable for devising means of eliminating 
many such markets and concentrating trading : at strategic locations. 

Integration of official classification of cotton with marketing pro- 
cedures.—Means should be devised for improving and increasing the 
acceptance by marketing agencies of official classification of cotton. 


MARKETING Practices or Corron Miits 1x Procurtne Corron or 
Qva.itres NeepeD IN ReLation TO QuaLItIEs Propucep By Cror- 
IMPROVEMENT GROUPS 


(PMA—Federal—Marketing Farm Products Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) ascertain the practices of cotton mills in eens cotton of 


the qualities desired for specific uses, (2) evaluate the fiber characteris- 
tics and spinning performance of cotton produced each year in various 
areas throughout the Cotton Belt by crop-improvement groups, and 

(3) dev elop1 more effective practices for marketing cotton produced by 
crop-improvement groups and provide better market outlets for such 
cotton. 

The current work is particularly concerned with aiding cotton pro- 
ducer groups in finding better markets and wider outlets for their 
improved varieties and with assisting cotton merchants and mills in 
locating cotton of improved varieties in even-running lots as required. 

This work differs from but is closely related to work being ian ‘ted 
under project RM: c—70, entitled “Improving Market Outlets for 
Various Kinds of Cotton in Relation to Merchandising Procedures.” 
Work under that project is directed specifically to an . evaluation of 
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the qualities of cotton actually being used for and those best suited 
to the manufacture of each of the principal products made from cotton. 
The results of that work, when analyzed in relation to information 
on qualities of cotton being produced as developed in connection with 
this-project, will provide a basis for indicating the relation of qualities 
of cotton being produced to those required by cotton mills. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Textile mill practices and preferences in the procurement of raw 
cotton of types and qualities required for the manufacture of specific 
products.—To ascertain the practices and preferences of cotton manu- 
facturers in the procurement. of cotton for various uses and to ascer- 
tain the possibilities for improvements in marketing cotton from crop 
improvement areas. 

Determination of fiber and spinning qualities of pure variety cottons 
produced annually in cotton-improvement areas—To determine by 
means of laboratory fiber and spinning tests the fiber and spinning 
quality of pure varieties of cotton produced annually by cotton- 
improvement groups, to facilitate the procurement by mills and mer- 
chants of cotton of the qualities desired, and to aid producers of cotton 
of desirable spinning quality in establishing market outlets for their 
product. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the past two decades or more considerable progress has been 
made by cotton breeders in developing improved varieties and strains 
of cotton, adaptable to the different geographical conditions in the 
Cotton Belt and having improved spinning value. Along with this 
development, growers in producing areas such as a county, several 
counties, or even larger areas have been induced to standardize their 
production by limiting it to a single variety of cotton, the variety hav- 
ing been selected as being the best for that particular area. In order 
for producers and spinners to profit most from these developments, 
information was needed on textile mill practices in the procurement 
of cotton of desired qualities. Better dissemination was needed of 
information on fiber and spinning qualities of the cotton produced 
annually in cotton-improvement areas in order to assist cotton mer- 
chants and spinners in locating cotton of the qualities desired and aid 
producers of desirable types of cotton in developing the most profitable 
market outlets for their product. 

The portion of this work related to textile mill practices in the pro- 
curement of raw cotton of types and qualities desired, based on surveys 
of cotton mills, has been reoriented to a considerable degree subsequent 
to its initiation during the 1946 fiscal year. With the results of the 
first phase published in 1947, the study is now designed to provide in- 
formation with respect to the extent to which textile mills are effec- 
tively modifying their procurement practices as a result of the de- 
velopment of more precise methods for the evaluation of the various 
cotton quality factors. 

Formerly, cotton variety spinning tests were limited to cotton from 
breeders’ blocks or from experiment station plots. One phase of this 
study provides currert information on the various quality character- 
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istics of varieties actually being grown under commercial conditions: 
and also timely reports whereby merchants and manufacturers cay 
locate areas from which cotton of desired quality may be obtained. 
This works to the benefit of cotton breeders, farmers, merchants, and 
manufacturers. These test results, which are published currently, 
have gained in usefulness and popularity each season. They are now 
an established source of information with respect to the fiber charac- 
teristics and spinning performance of cotton in each annual crop, 
depended on by breeders, merchants, and manufacturers to an increas- 
ing extent each year. 


D. FUNDS-—-ANNUAL EXPENDITURES 


For the 1950 fiscal year, approximately $45,000. Expenditures have 
ranged from $20,000 for the 1946 fiscal year, when the project was 
organized, to $40,000 for the 1949 fiscal year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment of series of reports on fiber characteristics and spin- 
ning performance of cotton produced in standardized variety areas 
throughout the Cotton Belt-—Annual studies of the fiber characteris- 
tics and performance in spinning of the leading varieties and strains 
of cotton being abe commercially in crop-improvement areas 
throughout the Cotton Belt, which were initiated during the 1946 
cotton season, have ce the basis for a series of current reports 
on the spinning quality of each cotton crop. The results of fiber and 
spinning tests on cotton from approximately 100 selected areas are 
published currently as each crop is harvested and tested. The useful- 
ness of this series of reports to farmers, cotton merchants, and textile 
manufacturers has become widely recognized. 

Development of information concerning mill practices in the pro- 
curement of raw cotton of types and qualities required for specific 
uses.—Information developed from a comprehensive study of mill 
practices in the procurement of raw cotton for specific types of prod- 
ucts provide a basing point from which to measure changes in mill 
procurement practices that are now taking place as a result of the de- 
velopment of methods for the more precise evaluation of raw cotton 
quality. This information will also provide a basis for adapting 
marketing procedures to provide for more effective marketing of cot 
ton produced in standardized variety areas. 


F. SOME ADDITIONAL WORK NEEDED 


Development of more effective methods of marketing and better 
market outlets for cotton produced by crop-improvement groups is 
needed in order to enable cotton producers and cotton manufacturers 
to realize the full advantage accruing from this system of cotton 
production. 

The annual quality studies of varieties in commercial produetion /? 
various cotton-improvement areas should be continued. Provision 
should be made for testing an increased number of varieties and strains 
and for a wider coverage of producing areas in order to aid cotton 
producers in establishing advantageous market outlets for their prod- 





COTTON, COTTONSEED, AND OTHER FIBER PLANTS 863 


uct and to assist cotton merchants and textile manufacturers in locat- 
ing sources of cotton of the spinning qualities desired. 
‘ 
IwpROVED TECHNOLOGY FOR GINNING AND ASSOCIATED PROCESSES IN THE 
PREPARATION OF CoTrTron AND CoTTroNSEED FOR MARKET 


(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop improved facilities and methods for conditioning, clean- 
ing, ginning, and packaging of cotton, and to determine the compara- 
tive effectiveness of various available types of ginning and auxiliary 
equipment currently available to the industry. This work is particu- 
larly concerned with the best operating conditions and methods to 
preserve the inherent qualities of the improved types of cotton now 
being produced in this country, to increase the returns to cotton 
growers, and to improve the competitive position of cotton in general. 
The project is being conducted cooperatively with the Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

Work under this project differs from that being conducted in proj- 
ects RM: a-71 and RM: c~71 in that this work is limited to research 
designed to improve basic ginning and associated processes, whereas 
project RM: c—71 is confined to such special items as the conditioning 
and storage of mechanically harvested seed cotton prior to ginning, 
special problems of ginning peculiar to specific cotton-producing 
areas, the conditioning of cottonseed at gins, the development of new 
principles of cleaning cotton at gins, and other special — of 
ginning associated wtih changing practices in the production and 
harvesting of cotton. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Determining and attaining optimum moisture content of cotton for 
various gin processes.—TLhis work has as its objective the determina- 
tion of optimum moisture content for ginning and the various asso- 
ciated processes in order to obtain the most efficient and effective use 
of the various machines and optimum quality of the ginned products. 

Gin stand research—improved moting.—The objective of this work 
is to evaluate fully a device which has been developed in an attempt to 
give improved moting and cleaning within the gin stand. The device 
consists of reciprocating grid bars installed behind the saw cylinder. 
Preliminary tests have shown that it offers promise but needs exhaus- 
tive tests and comparison with other uate of cleaning. 

Seed cotton cleaning—green boll removal—A device has been de- 
veloped to trap and remove unopened bolls from the seed cotton 
as it is being Siattied pneumatically at the gin. The objective of 
this work is to determine the effectiveness of this device under full- 
scale operating conditions and the resulting effect on the quality of 
the ginned lint and seed and whether or not there are any possibilities 
for reclaiming usable products from the bolls so removed. 

_ Seed cotton cleaning—stick removal.—The objective of this work 
is to develop attachments for existing extracting and cleaning machin- 
ery for seed cotton which will improve their efficiency through the 
removal of sticks and stems, which comprise a heavy proportion of 
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the foreign matter in hand-snapped and machine-stripped cottons, 
Early tests indicate that the efficiency of the machines can i. improved 
through use of a device which has son developed, and further tests 
should be conducted to determine its effectiveness on seed cotton han- 
dling machines operating singly or in conjunction with other units, 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in 1931 with the establishment of the 
United States Cotton Ginning Laboratory at Stoneville, Miss. It is 
now operated cooperatively by the Cotton Branch of PMA and 
BPISAE of ARA. Early work was concentrated on the most efficient 
use of cleaning and ginning machinery then available on the market 
and the development of improved handling and ginning methods. 
This was accompanied by research work into harvesting practices in 
order to insure that the seed cotton would reach the gin in as favorable 
condition as possible with regard to moisture and foreign matter 
content. The staff of the laboratory has worked continuously with 
gin-machinery manufacturers and ginners in the industry to apply 
the findings of the laboratory to actual practice in the development 
of new equipment and practical operating conditions. 


D. FUNDS-——-ANNUAL EXPENDITURES 


For the 1950 fiscal year, approximately $60,000. Expenditures have 
ranged from about $35,000 for the 1931 fiscal year to $60,000 for the 
1949 fiscal year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


1. The vertical drier for seed cotton —Equipment and procedures 
for drying seed cotton were developed at the United States Cotton 
Ginning Laboratory and thoroughly tested during the early 1930s. 
Patents were granted and dedicated to the public which have been 
widely used since in handling each annual cotton crop. Proper oper- 
ating conditions and temperatures were established for the various 
conditions in which seed cotton reaches the gin and considerable edu- 
cation of ginners has been accomplished, both by the laboratory staff 
and the Extension Service, in the use of this equipment. In 1935 
there were only about 200 gins in the country using driers, and this 
figure has increased until approximately 5,000 out of the 8,000 active 
gins will be using this process for the 1950 crop. 

2. Standard-density presses —It has long been recognized that pres- 
ent methods of packaging cotton are inefficient and wasteful. The 
present practice is to package lint cotton at the gin in bales of low 
density (about 12 pounds per cubic foot), ship the bales to a compress 
where they are repressed to standard density (about 22 pounds) for 
domestic shipment or to high density (about 32 pounds) for export. 
A gin press which produces standard-density bales suitable for all 
domestic shipments was developed and thoroughly tested at the gin 
ning laboratory. Complete details with respect to this development 
have been published. In the meantime, presses of this type have been 
installed at several commercial gins oh both the economic and 
mechanical feasibility of gin standard-density compression have been 
demonstrated under commercial ginning and marketing conditions. 
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An important feature of gin standard-density compression is the bale 
package thus afforded, which is superior from the standpoint of 
uniformity in bale shape and dimensions, as well as protection of the 
bale contents. 

3. Lint cleaner.—The grade of cotton lint is largely determined by 
the amount of fine trash which it contains. Logically the best place 
to remove this “pepper trash” from the cotton is immediately after 
the gin saws release it, since never again will the lint be as light, fluffy, 
and “buoy ant. After many trials and long years of basic re search a 
new type of cleaner was designed for installation just behind the giu 
stand, called a lint-flue cleaner. More than 500 cleaners, based on 
the laboratory’s work, were in commercial use in 1949. They increased 
the grade of the cotton from one-third to one-half a grade without 
damage to its spinning qualities. From 1,200 to 1,500 lint cleaners 
will be in use in the 1950 cotton season. 

4. Proper gin stand operation.—One of the primary problems of a 
ginner is capacity of gin stands. Much work has been done at the 
laboratory to improve capacity without detrimental effects to the 
quality of the lint and seed. Studies were made to determine the most 
efficient size and type of gin saw teeth, as well as the speeds at which 
gin saws could be operated. It was found that the harmful practice 
of “tight- roll ginning” which was being used to increase capacity could 
be corrected by i increasing the saw speeds. Now, practically all modern 
gins operate at speeds well above those in the past and are able to 
attain satisfactor y capacity without harmful effect on the fiber. 


F. SOME ADDITIONAL WORK NEEDED 


Further research is needed ta establish the optimum moisture con- 
tent for cleaning seed cotton as well as the best conditions for ginning 
and pressing. Previous tests have shown that dry cottons clean 
better but they are sometimes too dry for the best ginning and pressing 
conditions. Practical means of automatically regulating moisture 
removal and restoration need to be developed in order to correct these 
difficulties. 

Additional gin stand improvement.—Further improvement in the 
gin stands and auxiliary equipment are no doubt possible to assure 
more efficient operation, improved quality of product, and lower 
operating costs. Additional investigations are needed to determine 
the possibilities of such improvements either through redesign of 
a or the addition of accessories which are proved to be 
beneficial. 


Economic Aspects or CommerciaL Corron Grnntnea OPERATIONS IN 
THE PREPARATION or Corron AND CoTrroNsEED FOR MARKET 


(PMA—Federal-State—Marketing Farm Products Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


Studies of the economic aspects of ginning were designed to pro- 
vide information with respect to the costs and efficiency of ginning 
services performed by commercial ginning establishments employing 
various types and combinations of ginning equipment and operating 
under various conditions throughout the cotton-producing areas of 
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the United States. Specific objectives are to determine (1) compara- 
tive costs and quality of ginning services performed by gins em- 
ploying different types of equipment, (2) comparative returns to cot- 
ton producers resulting from obtaining ginning services where dif- 
ferent types and combinations of gin equipment are employed, and 
(3) the affect of volume on costs of performing ginning services under 
various conditions prevailing in specific cotton-producing areas. 

Since there are wide variations in the factors affecting gin opera- 
tions in different cotton-producing areas because of differences in 
types of cotton produced, climatic conditions, and harvesting prac- 
tices, it is necessary that these studies, to have definite meaning, be 
made on an area basis. Areas selected for study are delineated in 
each instance to provide relatively uniform conditions with respect to 
types of cotton produced and conditions of gin operation. Repre- 
sentative gins are selected in each area as a basis for the detailed 
studies. This work differs from work being conducted under project 
RM :a-71 and c-71 and other research and ginning being conducted 
with regular funds in that this project relates strictly to commercia! 
ginning operations whereas the work under the other projects consists 
primarily of technological development work designed to provide an 
improved technology for ginning and associated processes. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Evaluation of the cost and quality of ginning services being per- 
formed by commercial ginning establishments in the High Plains area 
of Texas.—This study is designed to provide information with respect 
to the economic and technological factors affecting the quality of gin- 
ning services under the wide range of harvesting conditions prevailing 
in the area. These harvesting practices include hand snapping and 
machine stripping as well as a limited amount of hand picking. The 
work is designed to indicate to cotton ginners and producers the most 
advantageous type of ginning service from the standpoint of cost of 
such service and returns from lint and seed. 

Evaluation of cost and quality of ginning services being performed 
by commercial ginning establishments operating in the Yazoo-Missis- 
sippi Delta.——The objective of this work is to determine (1) the fac- 
tors affecting the quality of ginning in the area with installations of 
ginning equipment employing varying amounts and types of cleaning 
and conditioning equipment; (2) the comparative returns to pro- 
ducers from ginning cotton at various types of gin establishments; 
(3) the comparative costs of operation of gins of various sizes em- 
ploying different types and amounts of cleaning and_ conditioning 
equipment and having varying volumes of ginning; and (4) the vol- 
umes essential for the financial success of these establishments. 

Cost and quality of ginning services performed by commercial qin- 
ning establishments operating in south Louisiana.—The purpose of the 
study is to ascertain (1) the factors affecting the quality of ginning 
services under the conditions prevailing in the area; (2) the compara- 
tive costs of operation for gins darisanty equipped and having differ- 
ent volumes of ginning; and (3) the volumes of ginning required for 
gmaere to provide a service that will also be of finkueiak beneitt to pro- 

ucers. 
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Evaluation of cost and quality of ginning in the Piedmont area of 
- Georgia —Problems common to the Piedmont area of the Southeast 
| are being analyzed on the basis of a detailed study of representative 
| gins in the Piedmont area of Georgia. This study is expected to re- 
veal the quality of ginning provided by plants equipped with varying 
amounts of cleaning and drying equipment for handling hand-har- 
vested cotton, the cost of providing ginning services at gins equipped 
with different amounts of cleaning and drying machinery, and the fac- 
tors affecting efficiency of operation. 


C. HISTORY AND EVOLUTION OF THIS WORK 





Analyses of ginning costs and quality of ginning as related to finan- 
cial returns to cotton growers, the first of the studies coming under the 
area of work covered by this project, were begun in 1944 in five adja- 
cent counties of central Mississippi. This was followed by a similar 
study in 1945 including the same counties and four additional counties 
in northeastern Mississippi. It was immediately apparent that 
sampling and analysis of seed cotton brought to the various types of 
gins would need to be done if the full aims of the study were to be 
realized. Subsequent studies have, therefore, included sampling of 
seed cotton and lint at the selected gins in order to determine the con- 
dition of the cotton that arrived at the various types of gins as well as 
‘he quality of ginning services as reflected by lint quality. In both 
economic and technological aspects the present staff assigned to this 
project has gained valuable experience that will facilitate the analysis 
of similar problems that may arise in other areas throughout the 
Cotton Belt. 


D. FUNDS 





ANNUAL EXPENDITURES 











For the 1950 fiscal year, approximately $30,000. Expenditures have 
ranged from about $10,000 during the 1945 fiscal year to $30,000 during 
the 1949 fiscal year. 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 










Detailed studies of costs and quality of ginning services in a num- 
ber of areas in the Cotton Belt have indicated the comparative costs 
and quality of ginning services performed by gins employing different 
types of equipment. These findings have enabled gin owners to uti- 
lize their resources more effectively in providing better ginning. 

Comparative returns to cotton producers resulting from ginning 
services where different types and combinations of gin equipment are 
employed have been determined. For instance, on the High Plains 
of Texas where elaborate cleaning systems have been found necessary 
to process effectively the roughly harvested cotton, the cost of ginning 
at elaborately equipped gins is about $1 per bale higher than for gins 
operating with more limited cleaning equipment ; while the elaborately 
equipped gins turned out cotton averaging approximately $3 per bale 
higher in value than at the plants with less elaborate cleaning equip- 
ment. 

Determination of factors responsible for unsatisfactory quality of 
ginning services in south Louisiana—In the study in this area it was 
found that the principal factors responsible for poor quality ginning 
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were lack of proper drying and cleaning equipment combined with 
practices of cotton growers of delivering cotton of high moisture and 
trash content to the gins. It was found, too, that the returns to grow- 
ers would be increased sufliciently, by the installation and proper use 
of such equipment, to more than compensate for the extra cost. 


F. SOME ADDITIONAL WORK NEEDED 


Because of the trend toward harvesting of cotton by methods other 
than hand picking, and the constant changes in types of ginning ma- 
chinery and ginning techniques, these studies should be continued in 
some of the areas already studied and should be extended to other 
areas where conditions differ from those in areas already studied. 
Particular attention should be given to methods of gin operation, in- 
cluding saw speed, density of seed roll, general condition of operating 
machinery, type of power used, and management and use of labor. 
Analysis should also be made of moisture content and general condi- 
tion of seed cotton delivered to the gins and the comparative value of 
lint turned out by the gins, with a view to enabling ginners to select 
the best type of gin equipment for their particular locality and to pro- 
vide growers with a service that will enable them to take to market 
cotton of the highest possible quality. 


Derve.orinG Improved Pracrices, F aciiiries, AND PROCEDURES FOR 
THE MARKETING OF COTTONSEED 


(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To provide an evaluation of practices, costs, and facilities in the 
marketing of cottonseed, with a view to improving the efficiency of 
marketing and reducing costs. The basic data for evaluations of 
marketing practices are being developed from systematic surveys 
throughout the Cotton Belt, supplemented by intensive area studies 
of the functioning of the price system and other specific problems of 
marketing this product. Technological problems of marketing, such 
as sampling for quality evaluations and weighing as a basis for mar- 
keting transactions, involve laboratory developmental work. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Cottonseed marke ting practices, costs, and facilities —To develop 
information with respect to and provide an evaluation of practices, 
costs, and facilities for marketing cottonseed in various cotton-produc- 
ing areas throughout the Cotton Belt. 

Cottonseed prices and price-quality relationships——The study in- 
cludes an evaluation of methods of cottonseed price dissemination 
with a view to providing more adequate and more timely market in- 
formation for the guidance of farmers, ginners, and crushers. Anal- 
yses of cottonseed price-quality relationships to indicate the extent 
to which prices to producers reflect milling value is an important phase 
of this work. 












a | 
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C. HISTORY AND EVOLUTION OF THIS WORK 
















4 The first belt-wide study made of cottonseed marketing practices, 
costs, and facilities was initiated during the 1947-48 cotton season. 
' This had been preceded by a pilot study in a limited area made during 
» the 1946-47 cotton season. A pilot study of cottonseed prices and price 
© dissemination was initiated in a limited area during the 1949-50 cotton 
' season. This study was designed to develop and test suitable method- 

| ology for research in this field as a basis for more extensive studies 

throughout the Cotton Belt. 


D. FUNDS--ANNUAL EXPENDITURES 






; For the 1950 fiscal year, approximately $17,000. Expenditures 
have averaged about $15, 000° per year since the project was organized 
during the 1948 fiscal year. 

















E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





Because work in this field was only recently initiated, there has been 
only limited opportunity for significant accomplishments in the way 
of improvements in the marketing of cottonseed. The report of the 
results of the first belt-wide study “of the marketing of this commodity, 
Ww hich was published in 1949 under the title “The Marketing of Cotton- 
' seed,” has had relatively wide distribution and has receiv ed consider- 
able commendation for its value to the industr y. The findings of this 
_ study indicate that the present basic weaknesses in the marketing sys- 

tem for raw cottonseed are the use of estimated weights in sales of 

cottonseed by farmers and the failure to take quality into considera- 

tion in grower first buyer transactions. The attention of the industry 
has been focused on these specific problems and it can be antic ipated 
that ultimately they will be solved. 


ea ee 


F. SOME ADDITIONAL WORK NEEDED 















Development of automatic mechanical sampling of cottonseed dur- 
ing ginning. —With the prospective early development of a simplified 
system of grading of cottonseed at gins as a basis for sale by growers 
there will be need for a satisfactory system of obtaining a sample 
from each lot of seed for use in grading. Because of the “variability 
in seed quality within each lot, the pr oblem of obtaining a representa- 
tive sample upon which to base the grade would be simplified by the 
development of automatic mech: nical means for accumulating a pro- 
portionate sample throughout the ginning of the bale. 

Development of a more satisfactory system of weighing cottonseed 
at gins.—Approximately two-thirds of Prope sales of cottonseed by 
farmers are based on estimated weights. Scales designed for w eighing 
cottcnseea have not been considered entirely satisfactory because of the 
problem of separating the seed lots for individual bales ginned. There 
is need for finding a solution of this problem. 
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DEVELOPMENT OF GRADES AND STANDARDS FOR CoTron AND COTTONSEED 


(PMA—Federal—Marketing Farm Products Funds) 


To (a) provide a scientific basis for the official standards of quality 
for cotton and cottonseed, (b) relate such standards to the use value 
of these commodities, and (c) provide means and methods for in- 
proving the accuracy and facility with which the standards can be 
applied in making quality evaluations for purposes of marketing 
transactions. The scope and extent of the woe has made it advisable 
to organize and conduct the various phases under subprojects as fol- 
lows: (1) Development of improved standards of quality for cotton; 
(2) improved standards of quality and methods of grading cottonseed ; 
(3) relationship of caliente roperties and other factors of quality 
in raw cotton to processing performance and quality of manufactured 
products; and (4) development of improved equipment and techniques 
for cotton fiber and spinning testing. 


DeEvVELOPMENT OF IMPROVED STANDARDS OF QUALITY FoR CoTrron 
(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Standards for grade and staple length of cotton as established in 
physical and descriptive form under the Cotton Standards Act are used 
in most marketing transactions in American cotton throughout the 
world. In order to assure accurate graduations in the standards and 
their satisfactory reproduction, scientific instruments and techniques 
are being developed and applied for measuring the various factors of 


uality represented in the standards and in associated fiber qualities. 
Such work is designed to provide improvements in the standards, the 
development of standards or measurement techniques for qualities not 
now represented by physical standards, and the development of stand- 
ardized facilities or methods that will make it easier to apply the 
cotton standards with precision, thus benefiting all phases of the 
cotton industry from farmer to consumer. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Research on maintaining and improving the official standards for 
staple length in cotton—To apply fiber laboratory equipment and 
techniques to measurement of various physical properties represented 
in the standard types for staple length, to the selection of cottons used 
in these types, to checking of types returned because of complaint or 
question, and from time to time to make laboratory spinning tests to 
check the accuracy of graduations and levels in fiber properties repre- 
sented in the official staple-length types. 

Research relating to maintenance and improvement of cotton-grad: 
standards.—To measure integrated and separate grade factors (color, 
trash, and preparation) by laboratory techniques, both in the stand- 
ards themselves in order to maintain present standards, and in repre 
sentative cottons of various crop years for cottons variously harveste«| 
and as used in the mill, in order to develop information for improving 
the standards on a basis of the various grade factors in actual suppl) 
and use. 
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Periodic color surveys of United States cotton crop.—To study sta- 
tistically representative portions of selected cotton crops in order to 
ascertuin the range of color, and the proportionate representation of 
the crop in various grade and color groupings, thus providing a basis 
for proposing any needed adjustments in future standards. 

Determining the stability of color in cotton—To apply laboratory 
techniques to the measurement of spots and background color of 
cotton in order to measure the amount and kind of change ee 
from growth and harvesting under varying conditions, and during 
storage under various climatic conditions for varying lengths of time. 

The development of artificial daylighting for cotton classification.— 
Accurate and consistent use of the standards in classification of cotton 
requires standardized conditions with respect to lighting. It is 
customary for cotton to be classed in daylight, and dark days hold 
up prompt classification. The purpose of this study is to develop 
specifications for satisfactory artificial daylight. 

The development of an instrument for measuring cotton grades 
automatically.—To develop an automatic instrument to measure and 
indicate the color of cotton, including scales to indicate the grade 
correlated with each color measurement. 


C. HISTORY AND EVOLUTION OF THIS WORK 


. 


This work began in 1927 when little was known about the measure- 
ment or specifications of the various factors involved in cotton quality. 
Early work served to develop techniques and instruments by which 
the cotton standards might be measured. Later work has served to 
develop information, instruments, and auxiliary equipment that help 
the classification service to make the standards more regular and 
more adaptable to use in classification. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures have ranged from approximately $20,000 to $40,000 
per year during the period 1927 to 1949; for the 1950 fiscal year, 
$40,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of the Suter-Webb fiber array device which still pro- 
vides the most precise research instrument for measuring length and 
length uniformity of fiber distribution in cotton. While an electronic 
Fibregraph has since been developed, the Suter-Webb instrument stil] 
is used in practically all laboratories where length and length array 
of cottons 1s being studied on a research basis. 

Development of disk colorimeter (patented early in the cotton-grade 
work) for measuring the color of cotton and many other agricultural 
products. This instrument has served to measure the cotton-grade 
standards in all the years since 1930-31 when it was first put into 
satisfactory operation. Devices based on this early work are widely 
used in laboratories concerned with color measurement of agricultural 
produets. In fact, 2 whole field of colorimetric practice has arisen 
on the basis of “disk colorimetry” as developed and adapted in the 
cotton-color laboratory of the Department. 
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Development, standardization, and publication of basic color work 
on the Munsell color standards so that today it is possible to inter- 
relate color measurements made in laboratories all over the world, and 
report them in terms of color as seen, regardless of the instrument 
used, providing only that measurements are reported in accord with 
methods now standardized internationally—not merely in terms of 
a particular instrument as was the usual former practice. This basic 
work is now used not only for studying the color of agricultural prod- 
ucts but in the entire field of American colorimetric practice. In 
1942 it was adopted as one section of American War Standard Z44— 
The Measurement and Specification of Color. 

Color measurements of cotton-grade standards made and presented 
to the last two Universal Cotton Standards Conferences not only helped 
the staff in preparation of the standards, but also created among the 
delegates to the conference a better understanding of, and confidence 
in, the Department’s purpose and efforts in developing standards of 
quality for raw cotton. Recognition of this was expressed by the 
delegates in the official minutes of these conferences. 

Studies of technical requirements for artificial daylighting, with 
practical check work under special trial units, has resulted in what 
might be termed a minor revolution in cotton classing. In 1938-39 
when the work began, no cotton man would think of classing under 
artificial lighting. Specifications for “artificial daylighting,” as de- 
veloped in the Department’s laboratories (with installations of units 
for lighting small auxiliary classing areas), were followed up by 
installation in 1940 of single units in several Government and private 
classing offices. Few offices seemed much impressed, but by 1947-48 
the cotton trade began to follow the Department’s specifications with 
extended, instead of limited, installations, some oflices going so far as 
to exclude natural daylighting in favor of complete installations of 
artificial daylighting. 

Now, 10 years after the early work, the trade is so convinced of the 
practicability of artificial lighting (a steady source of constant illu- 
mination reduces variations in cotton classification) that it is testing 
new types of artificial lighting. The Department’s laboratories are 
now working on technical information as a basis for evaluating these 
new developments. 

An automatic, self-standardizing, easy to operate, electronic instru- 
ment for measuring cotton color, developed in cooperation with a 
commercial instrument laboratory on the Department’s specifications, 
was first shown to representatives of the cotton industry during the 
1950 Universal Cotton Standards Conference. The instrument is 
designed for use in the classing room as an aid to the cotton classer. 
Previous color work was done in the laboratory by operators highly 
trained for visual color work. The new instrument requires neither 
training nor technical skill for operation. Because grade of cotton 
is highly correlated with the average color of a sample, it has been 
possible to provide with the instrument a grade diagram so that for a 
cotton normal in color, trash, and preparation components, grade may 
be read directly from the instrument. For cottons not normal in the 
relation of these three factors, the classer is able to judge the grade by 
use of the instrument with considerably greater precision than has 
previously been possible. It has wide uses for many segments of the 
raw cotton industry. 
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F. SOME ADDITIONAL WORK NEEDED 


Color stability studies now under way will not be completed until 
1955. ae! 

Application of the new colorimeter to problems of standardization 
for gray and spotted cottons is an important current problem that 
merits attention as promptly as possible. 

A rapid method for scanning cotton for trash content, and combina- 
tion of this with use of the color instrument, is another problem 
for additional work. 

A better and more rapid method for measuring staple length and 
uniformity should be developed. 

The present scheme of grade standardization should be studied in 
relation to new methods of harvesting and ginning cotton. 

Other properties of cotton besides grade and staple should be studied 
in relation to standardization so that, whenever it becomes possible, 
simple classing room procedures may be developed from what may 
now require more technical, scientific testing methods. : 

Artificial lighting of classing rooms is in its infancy, and will need 
considerable investigation and technical assistance during the next 
few years to see that specifications are made available for adequate 
minimum requirements. 


Improved STANDARDS OF QUALITY AND Metruops or GRADING 
CorTrroNsEED 


(PMA—Federal—Marketing Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop practical means of grading cottonseed by individual 
lots as sold by farmers; (2) determine the accuracy of the official stand- 
ards for grading, sampling, and analyzing cottonseed in reflecting 
milling outturns in order to relate the official system as accurately as 
possible to milling outturns; (3) determine the effect of variety, 
growth conditions, moisture and trash content of cottonseed, methods 
of storage and handling, and other factors upon quality and quantity 
of products from cottonseed as related to cottonseed standardization 
and grading. The development of an electronic device for the rapid 
determination of the oil content of cottonseed is being conducted with 
RMA funds. That work is limited to a single phase of the develop- 
ment of a simplified system of grading cottonseed, namely, the appli- 
cation of electronics to oil-content determination. This regular funds 
project, on the other hand, covers the other aspects of cottonseed 
quality, including moisture, foreign matter, and free fatty acids con- 
tent determinations. It is contemplated that equipment and methods 
for the evaluation of the various factors of cottonseed quality as de- 
veloped in connection with the respective projects will later be inte- 
grated into a complete system of grading. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Improving the present system of standardization and grading of 
cottonseed.—To provide a scientific background, based upon current 
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conditions, for the official grading standards. Changes in the crop, 
in processing techniques and equipment, and in relative market value 
for the various products obtained from cottonseed make it advisable 
that studies be made periodically of milling outturns in relation to the 
official grades in order to indicate any adjustments needed in grades 
so that they will reflect as accurately as possible the milling value of 
the seed. 

Development of a quick, simple, economical method of grading cot- 
tonseed.—To develop practical means of grading cottonseed in indi- 
vidual lots as sold by farmers in order to provide an incentive for 
growers to produce seed of high milling value and to handle the see: 
so as to assure maximum production of high-quality cottonseed 
products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of a standard system for the grading of cottonseed 
was begun about 1915 and was concerned with visual methods of 
grading such as physical inspection. Little further attention was 

iven this work until 1926, when serious study was given to grading 

y chemical analysis and, as a result of these studies, a standard system 
of grading was established in 1932. The research program on cotton- 
seed grading, as at present organized, was initiated during the 1945 
fiscal year. 


D. FUNDS-—-ANNUAL EXPENDITURES 


For the 1950 fiscal year, approximately $35,000. Expenditures from 
1945 to 1949 varied from $10,000 to $35,000. 


E, EXAMPLES OF ACCOMPLISHMENTS 


A workable system of sampling, analyzing, and grading cottonseed 
for crushing purposes, greatly needed in the marketing of cottonseed, 
was developed by the Department in response to requests from the 
cottonseed industry. ‘These standards were established in 1932; and 
in 1937 supervision of the grading system was undertaken at the re- 
quest of the industry. The voluntary use of these standards has ex- 
panded throughout the Cotton Belt until three-fourths of all cotton- 
seed sold for crushing purposes is graded in accordance with official 
United States standards. 

Development of a cottonseed moisture meter:—One of the four deter- 
minations necessary in a quick method of grading cottonseed in small 
lots is that of moisture content. A rapid moisture determination by 
an electronic resistance-type meter has been developed by the Cotton 
Branch and is now undergoing extensive tests. 


F. SOME ADDITIONAL WORK NEEDED 


Development of a practical method for determining the linters con 
tent of cottonseed.—The development of a rapid, inexpensive method 
of determining residual linters on cottonseed is needed so that this 
factor may be included in the grading standards to improve their 
accuracy. The development of a rapid method of mixing small labor- 
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atory samples of cottonseed and simultaneously determining foreign 
matter content will speed up and further reduce costs of analyses. 

Periodic evaluation of grading system.—Changes in the varieties 
of cotton produced, in the methods of harvesting and ginning, and in 
the technology of processing cottonseed will affect the relationship of 
the standard grades to use value. It will be necessary, therefore, to 
make periodic studies of this relationship as a basis for indicating 
any needed adjustments in the standard system of grading, in order 
that such system will reflect as accurately as possible the milling 
value of cottonseed. 


RELATIONSHIPS OF CorroN—Fiser Properties AND OTHER Factors OF 
Quauitry 1N Raw Corron to Processina PerrorMANCE AND TO 
Quauiry or Manuracturep Propucts 


(PMA—Federal—Marketing Farm Products Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To establish the relationships between the physical properties of 
cotton fiber and its performance in processing, and to provide bench 
marks for the accurate evaluation and interpretation of the results 
of cotton-quality evaluations for the guidance of various groups in 
the cotton industry, thereby facilitating technical progress in cotton 
breeding, ginning, standardization, marketing, and textile processing. 
The studies involve comprehensive statistical analyses of the extensive 
data on fiber and spinning test results that have been accumulated 
over a period of years in connection with research and service testing 
activities. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Relationship of fiber properties in raw cotton to strength of 
yarn.—To determine the relations and relative importance of the 
measurable cotton-fiber properties to strength of yarn. 

Relationship of fiber properties in raw cotton to appearance of 
yarn.—To determine the relations and relative importance of the 
measurable cotton-fiber properties to yarn appearance. 

Relationship of cotton-fiber properties in (processed) second draw- 
ing sliver to strength and appearance of yarn.—To determine the rela- 
tions and relative importance of the measurable cotton-fiber properties 
in second drawing sliver to strength and appearance of yarn; and to 
compare such evaluations with corresponding ones based on measure- 
ments of the same fiber properties in the raw cottons as a possible 
basis for improving the accuracy of formulas for predicting the 
spinning performance of raw cotton from fiber-test results. 

lhe occurrence of neps in card web as related to the measurable 
fiber properties in raw cotton and to the appearance and strength of 
yarn—To determine the relations and relative importance of the 
measurable fiber properties in raw cotton to number of neps in the 
card web; and the influence of neps in card web on the appearance 
and strength of yarn. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


This project, as at present organized, was initiated during the 1943 
fiscal year. Prior to that time some limited interpretations were 
being made of fiber-test results in relation to spinning-test results 
on the same lots of cottons. For the most part these interpretations 
were applied specifically to data obtained in connection with tests 
made in connection with standardization, marketing, and ginning 
research programs and for tests made on cotton samples submitted 
by cooperating research agencies. As the volume of such test data 
increased and the need for more precise statistical evaluations of 
their significance was recognized, provision was made for so organ- 
izing the work as to provide for comprehensive statistical analyses of 
accumulated data with a view to establishing definitely the relation- 
ships of individual factors of raw cotton quality and the performance 
of the cottons in processing. Subsequently, an expansion in the 
volume and scope of fiber and spinning testing incident to various 
research and service activities has resulted in the accumulation by 
the Cotton Branch of PMA of the most extensive collection of data 
relating to raw-cotton quality, processing performance, and product 
quality in existence in the world. This accumulation of data as a by- 
product of other projects now provides the raw material for the 
studies being conducted under this project. As the work has pro- 
gressed, improved techniques of statistical analysis have been adapted 
to these studies to facilitate the work and increase its accuracy. 


D. FUNDS—ANNUAL EXPENDITURES 
For the 1950 fiscal year, $40,000. During the period 1943 to 1949, 


expenditures have ranged from about $20,000 to $40,000 per year. 


BE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment of relationship of various elements of raw-cotton 
quality to processing performance and quality of manufactured prod- 
uct.—During the last 7 years thoustne of multiple and simple cor- 
relation analyses have been made for large numbers and wide ranges 
of cottons covering the crop years 1935 to 1950. Analyses have been 
made on data stratified by series, crop year, variety, staple length, 
and combinations of staple length. The relations and relative im- 
portance of fiber length, length variability, fineness, strength, maturity, 
and grade have been evaluated for the different conditions, in terms of 
strength and appearance of carded yarn processed by long draft and 
by regular draft, and of combed yarn processed by regular draft. The 
same has been done for those fiber properties in terms of strength and 
elongation of tire cord as well as of picker and card waste associated 
with the manufacture of carded and combed yarns. Parallel evalu- 
ations have been made for the alternative measures of fiber length 
and of fiber strength. These findings have been reported in a series 
of publications and are serving as valuable bench marks of practical 
use throughout the cotton industry, but particularly in connection with 
cotton marketing and textile processing. The findings developed in 
connection with these studies are now being used extensively as the 
basis for technical improvements throughout the cotton industry. 
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Prediction of strength and appearance of any size of yarn on the 
basis of a given number of fiber properties—In the analyses referred 
to in the foregoing, only one size of yarn has been considered at a 
time. To be able to estimate the strength or appearance of a wide 
range of yarn sizes, therefore, would require the development of a 
considerable number of equations and, oftentimes, the further use of 
aconversion formula. Recently, it has been discovered that the count- 
strength product or the appearance for the entire range of sizes of yarn 
spinnable from a cotton can be used collectively in such analyses to 
many advantages. Thus, by including the factor of yarn size in the 
regression equation, it is now possible to predict the strength or the 
appearance of any size of warp yarn on the basis of a given number 
of fiber properties from only one equation. This development con- 
stitutes a definite contribution to knowledge on the relations of cotton- 
fiber properties to various yarn qualities. 

Discovery of the associated effects of cotton-fiber length and fine- 
ness.—For many years it had been known that when spinners were 
unable to meet minimum strength specifications for their yarns the 
simplest-thing for them to do was to use cottons of longer staple length. 
It also was known that, in general, the longer the fibers the finer the 
fibers. But nobody knew in the early 1930’s to what extent such im- 
provement in yarn quality was due to increase in fiber length and how 
much was caused by the associated increase in fiber fineness. Through 
the development of a method of approach never used before, involving 
the mechanical cutting of fibers of extra-long Sea Island cotton to 
various lengths and recombining them, for spinning purposes, to sim- 
ulate various fiber-length patterns of short- and medium-staple length 
American upland cottons, the importance of fiber fineness to yarn 
strength was disclosed. Thus, it was proved experimentally that the 
effect of cotton-fiber length as such on yarn strength had been over- 
estimated by spinners in the past and by breeders in their cotton-im- 
provement programs. 

High, positive correlation between cotton-fiber strength and yarn 
strength.—For many years, workers in England, Europe, and India 
endeavored to evaluate the relationship between strength of cotton 
fibers and strength of yarn. Their findings generally showed a small 
positive, often insignificant, and sometimes negative relation. In 
their studies those workers used strength per single fiber. Using data 
obtained by the Chandler method for testing the strength of bundles 
of paralleled fibers, as developed in connection with a related project, 
a new method of approach developed in PMA’s laboratories, a high 
and positive relationship was reported in 1945 for cotton-fiber strength 
and yarn strength. This was the first time that the much-expected re- 
lationship between these two variables was effectively evaluated. Sim- 
ilar findings have been obtained later by using data for cotton-fiber 
bundle strength, as determined by the more rapid Pressley method 
of testing. 


F. SOME ADDITIONAL WORK NEEDED 


Yarn twist—Inclusion of this important factor of yarn construction 
as a variable in multiple correlation analyses, together with yarn size 
and the measurable elements of raw-cotton quality, will permit such 
relationship analyses and findings to be more comprehensive, the pre- 
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diction equations to be more flexible, and the estimates of yarn strength, 
yarn appearance, etc., to be more applicable to the range of yarn types 
now being commercially manufactured. The best _ edge and 

uations available today possess limitations because of the lack of 
adequate data on yarn twist for their use in general and special corre- 
lation analyses. 

Fiber spirality—Relationship studies on yarn and fabric quality 
also need to include the one factor of fiber quality that makes cotton 
unique and different from any other known plant, animal, or syn- 
thetic fibers, namely, spirality. Recent findings from studies con. 
ducted abroad strongly indicate that it is the spiral structure of cot 
ton fibers which is the primary cause for their outstanding bending, 
flexing, endurance, and life-wear properties. Manufacturers of syn- 
thetic fibers know this and they are striving hard to inject into their 
products the so-called spirality of cotton fibers. So far they have been 
unsuccessful. Spirality is conspicuous by its absence in current re- 
search, testing, and improvement programs for cotton. This is true 
largely because there is no rapid and practical test available for de- 
termining the mean number of spirals per unit of fiber length for 
cotton and the degree of uniformity in frequency of spirals from 
base to tip of fibers. The spiral properties probably vary widely 
with different varieties, growth, and seasonal conditions, eleality 
might prove to be an important new target in cotton breeding, produc. 
tion, marketing, and utilization. Unlimited opportunities and cha!- 
lenges, therefore, exist for comprehensive studies and evaluations of 
cotton fiber spirality in terms of spinning quality. 

Strand breakage in processing.—The relations of cotton-fiber prop- 
erties to breakage of strands during spinning need to be evaluated and 
their limiting factors established as a basis for the selection of cotton 
for the more efficient manufacture of specific types of cotton yarn. 
End breakage in processing is an important factor in cost of processing 
cotton. 


DEVELOPMENT OF IMPROVED EQUIPMENT AND TECHNIQUES FOR Cortoy 
Freer AND SPINNING TESTING 


(PMA—Federal—Marketing Farm Products Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop improved equipment and pPonnanes for the testing 
of cotton fibers, varns, and fabrics that will onary ite testing and in 


crease the accuracy of test results; and (2) develop, install, and main- 
tain standard procedures of testing that will assure uniformity of 
test results between different technicians and different laboratories. 
The current work is particularly concerned with the development of 
more expeditious methods of fiber testing and cotton spinning test 
procedures which are more in keeping with the up-to-date commercial 
systems of textile processing. In addition, work is continually being 
carried on to bring about better agreement in testing as between two 
or more like instruments, as between two or more technicians perform- 
ing the same test, and as between laboratories performing the same 
test or tests. 
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B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Improved instruments and techniques for the testing of fineness and 
maturity of cotton fibers —To develop improved equipment and tech- 
niques for routine quick testing of the maturity of cotton fibers and 
to correlate the results with the tesing of the fineness of the fibers. 

Developing a mechanical cotton fiber blender—TYo develop a ma- 
chine which will blend a sample of cotton easily and quickly into a 
homogeneous sample without damage to the fiber. 

Standard procedures for fiber and spinning tests —To develop stand- 
ard procedures for all standard tests and any new tests undertaken in 
the fiber and spinning laboratories. 

Check testing of instruments, techniques, and technicians —To pro- 
vide uniform test material and a system for periodic checking of the 
level of results for each type fiber and spinning test as performed at 
each laboratory. 

The development of small-scale spinning tests—TYo explore the 
possibilities of developing a satisfactory technique for a spinning test 
on a small sample of 100 grams or less of cotton, and to determine the 
cost and relative reliability of such test. 

The determination of optimum processing procedures for specific 
varieties and types of cottons——To determine the effect on product 
quality of various procedures in processing in order to develop pro- 
cedures that will attain maximum end-product quality and best manu- 
facturing performance from the combination of fiber characteristics of 
particular cottons. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Prior to the organization of this project during the 1947 fiscal year, 
work in this field was done as an incidental phase of cotton standardi- 
zation and marketing research. Basic work on the development or 
adaptation of equipment and methods for measuring with precision 
such physical properties of cotton fibers as tensile strength, length, and 
length variability, fineness and maturity, as well as the development 
of standard procedures for conducting small-scale spinning tests, had 
been in progress from about 1927. Initially the emma of this work 
Was upon precision in evaluating the various elements of cotton quality 
with a view to limited application for strictly research purposes. As 
the applicability of both fiber and spinning testing to a wide range of 
research problems as well as to practical application in commercial 
cotton breeding, marketing, and textile processing became recognized, 
the need for more expeditious methods of testing became apparent. 
The earlier methods were too laborious and time-consuming to permit 
their use on the scale needed for these new fields of application. The 
work on the project is now concentrated on the development of more 
expeditious, less expensive, and more accurate methods of testing and 
on measuring additional elements of cotton quality that significantly 
affect spinning value. 


D. FUNDS—-ANNUAL EXPENDITURES 


For the 1950 fiscal year, approximately $50,000. Expenditures have 
been at about this level since the project was organized during the 
1947 fiscal year. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Reduction in time required for and cost of cotton fiber testing —The 
cost of complete tests, including tensile strength, length, uniformity, 
fineness, and maturity which originally amounted to $14 per sample, 
has now been reduced to $4.50 per sample. 

Development of the standard 5-pound spinning test procedure, 
which for most purposes provides a reliable evaluation of the spinning 
performance of specific lots of cotton. Previously spinning tests re- 
quired one or more 5V0-pound bales of cotton and involved costs of 
several hundred dollars. The present 5-pound test can be made at a 
cost of approximately $20. Thus the development of this test has 
greatly increased the adaptability of spinning testing to practical 
problems of cotton breeding, marketing, and textile processing as well 
as for various research applications. Instead of the dozen or so tests 
per year that could be snake when spinning tests were first undertaken 
in the U. S. Department of Agriculture it is now possible to make 
more than 3,000 tests per year in the Department’s present laboratory 
facilities. 

Development of standards for the appearance of cotton yarn, which 
have been accepted by the American Society for Testing Materials 
and are now used extensively throughout the cotton industry in evalu- 
ating the quality of cotton yarn. 

Development of the Chandler round bundle strength test for meas- 
uring tensile strength of bundles of cotton fibers. This test set a 
standard for this physical property of cotton. 

New test for fiber fineness—Tests of fiber fineness are now being 
made at a rate approximately 30 times faster than was possible by 
previous methods and without any loss in accuracy of results. This 
new technique of fiber fineness measurement was developed in connec- 
tion with a comprehensive study of all available commercial types of 
air permeability instruments in relation to standard weight per unit 
of fiber length measurements. A standard direct reading fiber fine- 
ness scale was developed as a basic feature of the new technique. 

Modified technique for fiber maturity determinations —A modified 
technique was developed for determining the maturity of cotton sam- 
ples. ‘The new method is about three times faster than and is just as 
accurate as the previous standard method. The modified method has 
now been adopted as the standard and will greatly facilitate fiber 
testing. 

Development of a system of check testing —This, along with appli- 
cation of long-draft roving and spinning systems for spinning test- 
ing, has brought the combined fiber and spinning testing programs 
to a high degree of development and reliability. Tests on each suc- 
ceeding cotton crop and statistical analyses account for and explain 
more and more of the variation in yarn strengths. 

The greatest accomplishment is the over-all service these testing 
methods and techniques have rendered as a breeder’s tool in the im- 
provement of cotton quality, as devices for evaluating the effective- 
ness of ginning developments so far as fiber properties and cotton 
grades are involved, as guides in cotton grade and staple standardiza- 
tion, and in the marketing of cotton. 
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F. SOME ADDITIONAL WORK NEEDED 


Means need to be developed for the accurate calibration of certain 
testing devices to produce increased accuracy in the cotton fiber and 
spinning testing programs. 

Routine assembly line systems of testing for neppiness, immatur- 
ity, presence of honey dew, and other undesirable factors are needed 
to give wider and ample coverage of tests for these conditions to 
yearly cotton crops in time to be of advantage in the marketing of the 
crop. 

The significance of the effect of moisture changes, moisture content, 
and moisture history on the physical properties of cotton fiber, yarns, 
and fabrics need much study. When such relationships are better 
understood, greater uniformity in cotton classing, cotton standardiza- 
tion, and utilization of specific qualities of cotton for specific end pur- 
poses will be possible. 

New tests are needed to measure factors in yarn strength not yet 
capable of measurement.—Statistical studies of fiber-property and 
spinning-performance relationships indicate that approximately 6 to 
8 percent of the variance in yarn strength is not explained by the 
presently measured fiber properties. New tests should be developed 
to find the elusive factors and to isolate experimental errors. Ac- 
cumulation of data showing fiber, yarn, and fabric property relation- 
ships is needed as a guide to the most effective manner of utilizing 
different fiber properties and different combinations of fiber proper- 
ties to the greatest extent in producing special fabrics either woven or 
knitted for major and specific purposes. Heretofore, these studies 
have stopped at the yarn stage. 

There is a very urgent need for a quick, simple, and sufficiently ac- 
curate method far the determination of maturity in samples of cotton 
in the marketing channels. This factor of cotton quality is highly 
important in relation to the appearance and finishing properties of 
cotton goods. But the present methods of making maturity tests rep- 
resent a bottleneck in the broader application of fiber testing tech- 
niques to practical problems of the cotton industry. 

T here és urgent need for more adequate and LOreE mode Mm expe ri- 
mental machinery and facilities for conducting spinning tests and re- 
lated processing studies. The design of a large part of the available 
and latest developed commercial machinery does not lend itself to a 
wide range or to a rapid alteration of settings, speeds, and adjust- 
ments; nor is the degree of precision control sufficient for many lines 
of the needed program in cotton equality determinations. 


Corron-TEst1InG SERVICES 
(PMA—Federal-State—Marketing Farm Products Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To make cotton fiber and spinning testing services available to Fed- 
eral and State research agencies and private individuals and firms. 
he facilities and services of the five laboratories used in connection 
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with the standardization and marketing research program are made 
available to Federal and State research agencies on a cooperative basis, 
and to cotton breeders, merchants, textile manufacturers, and others 
on a fee basis. A wide variety and range of tests are performed, 
including physical tests on seed cotton, tests or measurements of the 
physical properties of cotton fiber, yarn, and fabric, and small-scale 
empirical spinning tests. 

Cotton breeders are making extensive use of these services as a 
means of evaluating cottons in process of development. The fiber 
tests are particularly valuable to breeders in the early stages of devel- 
opment of new cottons, since they afford a practical means of selecting 
promising individual plants on the basis of fiber characteristics that 
are known to be necessary for good manufacturing performance. 
Much time and work are saved by plant breeders through this process 
since the unpromising material can be discarded early and emphasis 
san be placed on those selections showing greatest promise. Usually 
by the second year from the selection of individual plants sufficient 
cotton is available for standard small-scale spinning tests which are 
made as a basis for a final decision with respect to the continuance 
of the cottons in the breeding programs. 

Marketing agencies and textile manufacturers are also making con- 
siderable use of the testing services as a basis for selecting cottons best 
suited for the manufacture of specific types of cotton goods. This 
service is used extensively as a basis for evaluating each new crop and 
for locating sources of supply of cotton required for specific uses. 
Public and private research agencies are using these services to evalu- 
ate the effects of various cultural, harvesting, ginning, marketing, and 
processing practices. 


B. CURRENTLY ACTIVE PHASES OF WORK 


Cooperative fiber and spinning tests—To provide cotton fiber and 
spinning testing service to Federal and State research agencies on a 
cooperative basis. 

Cotton testing performed on a fee basis —To provide cotton fiber 
and spinning testing service to cotton breeders, merchants, textile 
manufacturers, and others on a fee basis which is designed to cover 
the approximate cost of doing the work. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Laboratory equipment and methods for measuring or testing the 
properties of cotton fibers, yarns, and fabrics have been developed 
In connection with various programs of research on cotton in the 
Department of Agriculture very largely during the past two decades. 
In the early years this work consisted of large-scale spinning or manu- 
facturing tests in cooperation with textile schools and mills to deter- 
mine the manufacturing performance of the standard grades of Amer- 
ican upland cottons, of cotton of various densities and pee in 
various types of cotton bales, and of certain varieties and growths of 
cotton. 

During the 1920’s and 1930’s, fiber and spinning laboratories were 
established at Clemson, S. C., and College Station, Tex., a fiber labora- 
tory was established at Washington, D. C., and a fiber laboratory in 
connection with the ginning laboratory was established at Stoneville, 
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Miss.. Small-scale spinning tests and more expeditious fiber tests were 
developed during this period. These developments made fiber and 
spinning tests a more useful tool, and their use was Lr for 
evaluating the effects of various pr oduction and inning practices. In 
1941 Congress authorized the performance of fiber and spinning ‘tests 
to the public on a fee basis. 

With increased farm mechanization, increased competition from syn- 
thetic fibers, and the availability of testing service to the public during 
the 1940’s, fiber and spinning tests became more generally useful in 
evaluating the quality of cotton. They were found to be effective in 
evaluating the effects of various breeding, cultural, harvesting, gin- 
ning, marketing, and processing practices, and have been used on a 
continuously expanding scale. More than 25,000 samples of cotton 
were tested under this project during the 1950 fiscal year. 


D. FUNDS—ANNUAL EXPENDITURES 

For the 1950 fiseal year, approximately $51,000. Annual expendi- 
tures have ranged from about $15,000 during the 1942 fiscal year to 
about $50,000 during the 1949 fiscal year. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in development of improved cottons.—All of the cotton 
breeders of the United States have been assisted, through the fiber 
and spinning services performed for them, in the evaluation of their 
new selections of cotton. This has facilitated and expedited the work 
of the breeders, as is reflected in the remarkable progress that has 


been and is being made in the dev elopment of improved varieties and 
strains of cotton. These testing services have done much to assure 
cotton producers of planting seed of superior quality from the stand- 
point of spinning value. Furthermore, the progress in cotton-quality 
improvement that to a large extent has been made possible by these 
services has contributed to the improvement of the competitive posi- 
tion of American cotton in relation to synthetic fibers and foreign 
growths of cotton. 

Aid to technical progress in cotton marketing and textile process- 
ing.—The testing services made available to cotton merchants have 
contributed significantly to technical progress in the merchandising 
of cotton in that merchants have been aided in adopting more precise 
methods of cotton-quality evaluation to supplement customary meth- 
ods of grade and staple classification. Technical progress in cotton 
manufactur ing has been facilitated by the use of these services in the 
selection of cotton required to meet product specifications and in the 
- ion of quality-control methods in their processing operations. 

Aid to other research agencies.—Workers engaged in research on 
various phases of cotton breeding, production, and harvesting have 
been provided a means of evaluating their work in terms of effects on 
cotton quality and spinning value. 


F. SOME ADDITIONAL WORK NEEDED 


Tests of finishing properties and other fabric quality evaluations.— 
There is need for broadening the scope of testing services to include 
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bleaching, dyeing, and other finishing properties of cotton fabrics 
as well as other end-product quality evaluations. 

It is anticipated that there will be continuing demand for service 
testing not only by public and private research agencies but also by 
private firms in the various branches of the cotton mdustry. 


Corron Sratistics, CLAssInG, STANDARDS, AND FururEs Acts 
(PMA—Federal—Cotton Acts) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To serve and safeguard the interest of cotton farmers, ginners, 
spinners, merchants, and ultimate consumers by fostering orderly 
marketing and pricing in accordance with quality of cotton through: 
(1) Quality standardization; (2) classing and grading; (3) market 
news; (4) quality and price reports; and (5) related activities. Cur- 
rently, work under the cotton acts is concerned with cotton, cotton- 
seed, and cotton linters. These services provide a uniform system of 
describing and grading cotton, cottonseed, and cotton linters which 
fosters economic and intelligent marketing on the basis of the true 
quality of the product. It provides producers, merchants, and pro- 
cessors dependable quality information on production and process- 
ing performances of the various varieties being produced and pro- 
vides processors with information as to sources and quantity of the 
qualities needed. The market news information is widely used 
throughout trade circles and keeps all segments of the industry from 
the producer to the consumer informed with timely and accurate in- 
formation on production, consumption, exports, prices, and much 


other pertinent information necessary for economic and intelligent 
trade in cotton and related products. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Cotton classing services —The purpose of the work under the class- 
ing services is to determine the grade and staple length of cotton for 
farmers, the cotton trade, and others interested in the quality of 
cotton. Specifically, the classing services provide: (a) classing serv- 
ices to cotton farmers, manufacturers, and merchants who submit 
samples for classification; (4) classification of cotton produced by 
members of groups organized to promote the improvement of cotton, 
and provision to them of quality and price information for bargain- 
ing with buyers to obtain full premiums for improved quality; (¢) 
classification of all cotton intended for delivery in settlement of futures 
contracts, to provide assurance to purchasers of such contracts that 
cotton delivered will be of the tenderable quality specified and to 
provide price information based on market values as a basis for set- 
tlement for delivery on contract; and (d) licensing and supervision 
of classers. 

Preparation and distribution of standards.—The purpose of this 
work is to prepare physical types of the standards for use in the 
determination of grade and staple length of cotton and the grade of 
linters wherever these commodities are exchanged. 

Market information and quality statistics —Work in this field in- 
cludes the following activities: (@) Current market information on 
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prices, supplies, and demand that will enable farmers to bargain 
advantageously in the sale of their cotton; (6) supervision of the de- 
termination of prices and price differences used in settlement of fu- 
tures; (¢) preparation of quality reports, annually, on the carry- 
over, and, periodically, on current cotton ginnings; and (d) prep- 
aration and distribution of quality and price information to farmers 
for use as a basis for adjusting production to give maximum returns 
and in line with consumer needs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In the early part of this century, cotton trading was conducted 
primarily on actual samples or based on indefinite descriptive terms 
such as “Delta quarters,” “Memphis Middling,” etc. There were no 
standards for describing cotton other than by point of origin. With 
improved transportation and more rapid communication, along with 
the growth of the industry, a demand arose for a system of trading 
that could be based on uniform descriptive terms. As a result of this 
demand, tentative standards for the grading of American cotton were 
first prepared by the Department of Agriculture in 1909. These 
standards were revised and improved from time to time until 1914 
when the Cotton Futures Act was passed and official standards were 
made mandatory for the purpose of grading cotton under this legis- 
lation. The first official classification of cotton was done under the 
Cotton Futures Act, but in 1923 the Cotton Standards Act was passed. 
This made the official.standards mandatory for interstate transactions 
in upland cotton and provided for various classification services and 
the licensing of cotton classers. The next of the important acts was 
the Grade and Staple Statistics Act of 1927 which directed the Secre- 
tary of Agriculture to compile statistics on the grade and staple 
length of cotton in the carry-over and crop. In 1937, this legislation 
was amended by the Smith-Doxey Act, which directed the Secretary 
of Agriculture to provide a classification and market news service to 
groups of farmers organized to promote the improvement of cotton. 
The growth of the classification service in recent years is illustrated 
by the following figures for total volume of cotton classed by Federal 
employees: 1946-47, 4.1 million bales; 1947-48, 6.1 million bales; 1948— 
49, 10.4 million bales; 1949-50, 13.6 million bales. The bulk of the 
classifications in each of these years was done for farmers under the 
Smith-Doxey Act. 


D,. FUNDS—-ANNUAL APPROPRIATIONS 


The first appropriation for this work was made in 1925, for $150.- 
000, and gradually increased to the 1926 appropriation of $188,500. 
In 1928 with the enactment of the Grade and Staple Statisties Act, 
the total was increased to $559,199. From 1929 to 1939, appropria- 
tions ranged from $869,161 in 1929 to $941,900, in 1939. In 1944, when 
for the first time a single appropriation was made under the cotton 
acts, the total funds appropriated were $1,188,673. In 1950, $1,712,- 
S00 was appropriated for work under the cotton acts. In addition, 
*610,000 was made available under special language in the appropria- 
tion act which provided that Commodity Credit Corporation should 
pay for cotton classed under the Smith-Doxey Act for farmers who 
receive price support. 
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Revenues collected and returned to the Treasury under these services, 
originating from classing and other fees, and the sale of “loose” cotton 
(samples used in classing that become the property of the Govern- 
ment) under the Smith-Doxey and Standards and Futures Acts are 
substantial. They amount toa large proportion of total expenditures. 
Revenues returned to the Government under these acts and services 
totaled $1,784,776.96 during 1949-50. This was 75.5 percent of tota| 
expenditures. The revenues have more than doubled during the last 
4 years. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Official standards for grade and staple lengths —The official stani- 
ards for grade and staple length provide a common language for de- 
scribing American cotton throughout the world. It is estimated that 
more hn 80 percent of all cotton moving in trade channels in the 
United States is classified commercially by the Federal standards i) 
accordance with the United States Cotton Standards Act. The stand. 
ards for grades are universal standards and have been adopted of- 
ficially by the trade associations in eight foreign consuming countries. 
Official standards for grade and staple lengths have been promulgated 
and revised from time to time as necessary. For upland cotton there 
are 13 grades for which physical standards are available and 20 de- 
scriptive grades, making a total of 33. Official upland cotton stan«- 
ard types for staple length encompass lengths ranging from 34 inch 
to 134 inches. In addition, standards have been developed for Ameri- 
can-Egyptian and for Sea Island cotton. Official standards also have 
been prepared for “preparation.” Official standards for linters have 
been developed and have been used extensively in marketing this 
product. 

Classification.—In 1949-50 classifications of cotton totaled 13,600.- 
000 bales of which 10,300,000 were under the Smith-Doxey service for 
farmers; 1.4 million were under Form A (fee classing for members of 
the trade) ; 0.5 million under Commodity Credit Corporation loan; 0.5 
million, futures; 0.6 million, ECA; and 0.3 million, other. The 10. 
million bales classed in 1949-50 under the Smith-Doxey Act repre- 
sented 65 percent of the total crop, a new high, against 55 percent in 
1948-49. Practically all of the cotton in the western part of the bell 
is classed, while less than one-third of the crop is classed in some of 
the Eastern States. 

During the 1935-86 season, a study of practices prevailing at pro 
ducers’ local cotton markets was conducted to supply background in 
formation necessary for appraisal of problems existing at that stage 
of the marketing of the cotton crop. The findings indicated that 
growers generally occupied a very weak bargaining position in selling 
cotton, but a majority of growers expressed a decided interest in re- 
ceiving cotton quality and market news information as a guide 11 
marketing. In 1938, governmental services under the Smith-Doxe 
Act were inaugurated providing both quality and price information 
for growers. 

After such governmental services had been available to growers fo: 
more than a decade, a restudy was made in the 1948 fiscal year at ‘s 
of the 101 markets forming the basis for the earlier study. 
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Cotton growers indicated considerably improved marketing condi- 
tions in 1947 as compared with 1935. Seas in 1947 on the whole 
were found to occupy a stronger bargaining position than in 1935. 
Proportionately, the number of growers receiving detailed price in- 
formation prior to selling was twice as great as in 1935. The rela- 
tive volume of cotton for which growers had impartial quality in- 
formation at the time of sale in 1947 had increased sixfold over that 
in 1935. Radio aided materially in the wider distribution of market 
news, and quotations assembled ‘by the Department formed the chief 
basis for such broadcasts. The main source of impartial classification 
for growers was provided by the Smith-Doxey Act, whereby cotton 
Si samples are sent in to be classed and a postcard on which is recorded 

he Form 1 classification is returned to the producer, usually on the 
same day the sample is received. 

The Smith-Doxey (Form 1) classing service represented the one 
major innovation occurring during this 12-year interval. In 1947-48, 
about 47 percent of the cotton moving through the selected markets 
was marketed on Form 1 classification. Growers participating in the 
program submitted about 90 percent of their total crop for classifica- 
tion. All growers at markets in Arizona, California, and New Mexico, 
70 percent of those in Missouri, about 50 percent of the growers in 
Arkansas and Mississippi, and approximately 33 percent of those in 
Georgia, Oklahoma, and Texas reported receiving a Form 1 classifi- 
cation on their cotton. 

During this same period, the quality of the crop from the standpoint 
of staple length has improved substantially. As an increasing pro- 
portion of the farmers receive payment based on quality, they have 
given more attention to variety planted and improved cultural and 
harvesting practices. As a result of this and various other factors, 
the number of varieties produced has declined sharply to where a very 
iarge proportion of the entire crop consists of about 8 to 10 of the 
more desirable varieties. 

Since these services have been available to farmers, the average 
length of the United States crop has increased more than one-sixteenth 
of an inch and now averages well over 1 inch. 

Market reports—Basic information on prices, stocks, production, 
consumption, exports, and imports for cotton and linters has been 
widely disseminated through the Weekly Market Reviews, Cotton 
Price Statistics, and quality reports on the crop and the carry-over. 
This information is being used to an increasing extent by local radio 
stations, national trade public ations, and local newspapers, and has 
proved helpful to all phases of the cotton industry from producer to 
consumer. 

This basic information with respect to cotton and linters has been 
essential to the development and operation of price support, produc- 
tion, and other control programs necessary during World War II. If 


such controls should be necessary in the future, this basic information 
will be invaluable. 


F, SOME ADDITIONAL WORK NEEDED 


Constant and additional studies are needed to keep the cotton grade 
standards in line with changing production and also to improve the 
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efficiency, preparation, and use of these standards. The supervision 
of classification performed by the Department could well be strength- 
ened and particularly the supervision of classification by licensed 
classers should be improved and expanded. Additional checking and 
verification are needed in supervising the 10 market quotations. Con- 
stant study and improvement in sampling the crop and carry-over for 
quality estimates reports are required and the market news service 
under these acts should be strengthened to insure that accurate price 
information is being received and disseminated. 


Improvinc Market Ovutrets ror Vartous Kinps or Corron In 
ReiATION TO MercHaANDISING PROCEDURES 


(PMA—RM : c-70—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve market outlets for the various kinds of cotton by deter- 
mining (1) the types and qualities of cotton best suited, from the 
standpoint of both economic and technological factors, to the manu- 
facture of each of the principal types of products made from cotton; 
(2) the adaptability of each variety and strain of cotton as grown in 
various producing areas to specific end uses; (3) the quantities of cot- 
ton required for each of the principal types of cotton products at var- 
ious levels of textile production; (4) the aggregate available market 
outlets for cotton of each type and quality; and (5) the relation of 
production of cotton of various types and qualities to available market 
outlets. 

Comprehensive studies are being made of the various quality factors 
of raw cotton used by representative mills manufacturing each of the 
principal types of cotton products and of the results obtained in terms 
of processing performance of the cotton as well as the quality of the 
manufactured products. The samples from mill mixes are processed 
in the textile laboratories of the Department for comparison with re- 
sults obtained from commercial production in the mills. 

The adaptability of each of the principal varieties of cotton now in 
commercial production for use in various types of products is being 
determined by a series of laboratory and technically supervised large- 
scale tests. 

The work being done under this project differs from related studies 
being conducted with regular funds in that this work is based primar- 
ily on results of tests of samples obtained from mill mixes of raw 
cotton actually being used for the manufacture of specific products 
and on the results of tests of samples of the manufactured products. 
Likewise, the phase of this work having to do with determining the 
relative suitability of different commercial varieties for the manufac- 
ture of various cotton products involves the large scale empirical test- 
ing, under contract with a textile research laboratory, of typical lots 
of cotton of each variety for the manufacture of specific products. 
Studies being conducted under the regular funds project entitled 
“Marketing Practices of Cotton Mills in Procuring Cotton of Qualities 
Needed in Relation to Qualities Produced by Crop Improvement 
Groups” are based on surveys of cotton mills to ascertain practices and 
preferences of cotton manufacturers in the procurement of raw cotton 
and on annual tests of the fiber and spinning qualities of cottons being 
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produced commercially in crop-improvement areas. The latter phase 
of this regular funds project is designed to indicate to cotton manu- 
facturers and merchants sources of cotton of specific fiber and spinning 
characteristics and to aid producers of such cotton in finding market 
outlets for their product. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-70-1.—Determination of the raw-cotton requirements for 
specific cotton products, and the extent of market outlets available for 
various types and qualities of cotton. To determine the extent of 
market outlets available for cotton of various types and qualities, by 
ascertaining the types and qualities of cotton now used in the manu- 
facture of each of the principal products made from cotton, by re- 
lating the qualities of cotton used to the characteristics of the various 
improved varieties and growths of cotton, and by relating the quanti- 
ties of cotton goods manufactured to aggregate quantities of the var- 
ious types and qualities of raw cotton required. 

RM: c-70-2.—Determining the suitability of different varieties of 
cotton for use in specific end use products. To determine by labora- 
tory and commercial mill tests the technological and economic suit- 
ability of each of the principal varieties of cotton now being produced 
commercially for use in the manufacture of various cotton products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was started in September 1947 as a result of requests 
from various branches of the cotton industry for more detailed in- 
formation on the types and qualities of cotton required for the manu- 
facture of the various textile products. In several earlier studies, an 
attempt was made to develop information with respect to the qualities 
of cotton required for best results in the processing of various cotton 
products as based on statements of mill officials. It became evident 
from previous studies that obtaining of dependable data would require 
the sampling and laboratory testing of the raw cotton actually being 
used by mills for the manufacture of specific products. The use of 
samples from mixes from representative mills makes it possible to get 
detailed and authentic data on the quality of cotton used. Further- 
more, this method permits mill performance to be matched against 
results obtained in the laboratory. Part of this work is being con- 
ducted through contractual arrangements with a State textile school. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for the 1948 fiscal year were $20,000; 1949, $58,300; 
and 1950, $72,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The publication Market Outlets for Cotton in Some of the Principal 
Cotton Fabrics, published in February 1949, provides definite tafe 
mation with respect to averages as well as the limits of the range for 
each factor of quality in the raw cotton being used for the manufac- 


78552—51—vol. 157 
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ture of each of 10 important cotton products; trends in consumption 
of cotton in each of the 10 products; the market outlets for cotton 
in each product; variety or varieties of cotton deemed most suitable 
for each of the products; and factors affecting the amount of cotton 
consumed in mer product. The aggregate available market outlet for 
cotton in the 10 products is approximately 3,000,000 bales at current 
levels of consumption. This information is of direct value to the 
cotton industry in providing bench marks with respect to raw cotton 
quality and product quality for each product included in the study, 
Producers of cotton suitable for these products are provided an indi- 
cation of the extent of available market outlets in specific products. 
A byproduct of the study of direct advantage to the cooperating mills 
is the technical laboratory data made available to them in connection 
with the raw cotton and product samples furnished by them for use 
in making the study. This aspect of the study is particularly impor- 
tant to the small mills that are not in a position to provide their own 
laboratory facilities. 

The project has been in progress only a short time. The full advan- 
tages to the cotton industry of the information being developed will 
become more apparent as the work progresses to include a larger 
number of cotton products. 


F, SOME ADDITIONAL WORK NEEDED 


Additional products should be studied.—The studies should include 
all of the principal cotton products. For instance, the study of market 
outlets for extra long staple cotton (134 inches and longer), recently 
initiated, needs to be pursued vigorously because the 1950 United 


States production of such cotton promises to be many times larger 
than it was in 1949. Heretofore, this country has been dependent upon 
foreign production for most of its extra long staple cotton because of 
special quality features of the foreign cotton. This study could help 
in finding the best uses, advantages, and limitations of extra long 
staple cotton of the domestic varieties currently produced. 

Tests on 10 major products should be repeated.—Tests relating to 
the 10 fabrics already reported on should be repeated within a year or 
two to measure the effect of different crops on the quality of cotton 
used by mills and on the quality of the product. Further study is 
needed to determine more precisely the specific qualities or range in 
qualities that best serve the needs for each fabric. Only a beginning 
has been made in studies relating to the suitability of different varie- 
ties of cotton for specific products, and this study shou'd be continued 
and expanded to include all varieties of cotton now being produced 
and all of the principal cotton products. 

Additional research could profitably be given to a number of other 
problems, including the following: 

Factors affecting the consumption of specific cotton products.—This 
work should include thorough analysis of elasticity of demand for 
each product, in order that more accurate estimates can be made of 
probable available market outlets for various types of cotton under 
varying economic conditions. 

The effect of variability of quality in mill miaes—The objective 
this study would be to ascertain the extent to which blending of dif- 
ferent qualities in mill mixes can obviate the need of using only 
cotton of even-running quality. 
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CorronsEED GRADING 
(PMA—Federal Market Inspection of Farm Products Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This work provides farmers, ginners, and oil-mill operators with a 
grading service for cottonseed to enable them to market the cottonseed 
crop intelligently and to obtain prices in proportion to quality. The 
quality of cottonseed can change significantly and quickly within rela- 
tively small territories and in a short time, so that a grading system is 
necessary for intelligent marketing. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Under the present system, chemists are examined and licensed to 
perform cottonseed grading on a fee basis. Licensed chemists issue 
grade certificates showing a complete analysis of each sample graded 
for all grade factors. Their work is under Federal supervision. 
About 151,135 certificates were issued on samples of cottonseed graded 
from the 1949-50 crop, and approximately 155,521 certificates were 
issued for the 1948—49 crop. These certificates were used in reports on 
the quality of cottonseed by counties of origin, presented in the weekly 
cottonseed review in the southeastern, south central, and southwest- 
ern areas. They were also the basis for preparation of the annual 
quality report on cottonseed published each year by the Washington 


office. 
C. HISTORY AND EVOLUTION OF THIS WORK 


As cottonseed progressed from a waste product to a valuable raw 
material, there naturally arose a demand for a measure of quality. 
The quality of cottonseed depends on a relatively large number of 
factors, and therefore the development of procedures and standards 
was difficult. The first. Federal standards for grading cottonseed were 
promulgated in June 1932. There have been a number of improve- 
ments since that time. Official grading of cottonseed has become gen- 
eral in most of the southwestern, south central, and southeastern sec- 
tions of the Cotton Belt. It is not general in the far Western States. 
The present system of grading is suited to fairly large lots of seed 
and is used principally in transactions between ginners and oil mills. 
So far a system has not been developed that is adapted to the grading 
of small lots sold by farmers to ginners. 


D. FUNDS-——ANNUAL EXPENDITURES 


The first appropriation for this work was made in 1938, amounting 
to $20,000. An additional $5,000 was appropriated in 1939. Since 
that time only funds for salary increases, overtime, within-grade sal- 
ary advancements, etc., have been added. In the fiscal years 1949 and 
1950 appropriations averaged about $35,000. Fees collected for de- 
posit into the miscellaneous receipts account of the Treasury from 
cottonseed certificates and the licensing of chemists and samplers, 
have more than offset expenditures under the appropriation for this 
activity for each fiscal year since 1942. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


It has been possible from the individual grade certificates to prepare 
at the end of the season a bulletin showing statistics for each of the 
quality factors of cottonseed, by months during the active season and 
by crop-reporting districts, for all States in which seed is graded. 
The grading system has aided orderly marketing and provided ginners 
and oil mills with reliable information, which allows them to pay for 
cottonseed on the basis of quality. This has benefited farmers, as in 
most areas cottonseed is marketed on a highly competitive basis. ‘These 
data also furnish sound historical background information for judging 
future operations. These certificates furnished valuable information 
used in establishing price-support programs both during and since 
World War II. 


F. SOME ADDITIONAL WORK NEEDED 


It would be highly desirable if seed grading were adopted in the far 
Western States also. 

There is a need for the development of a system for economically 
and quickly grading cottonseed in small lots which would enable 
farmers to sell their seed on the basis of quality. 


CROSS REFERENCES—-MARKETING 


For additional information on subjects reported on in this chapter, 
see also— 


BAE—B-1-1, Chapter 82, field crop estimates and reports. 

BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for servicing current 
requests. 

BAB, FCA, PMA—RM: c-110, Chapter 11, effects of new oilseeds and fats and 
oils processing techniques on market, etc. 

BAE—RM : c-205 and a-2-16, Chapter 26, marketing practices. 

BHNHE—b-2-1, Chapter 25, rural family living in shifting cotton economy. 

BPISAE—e-3-+4, Chapter 30, consolidation of ginning, oil-milling enterprises. 

CEA—Commodity Exchange Act, Chapter 35. 

EXT—Marketing Education, Chapter 37. 

EXT—RM: c-95, Chapter 37, cotton marketing. 

FCA—a-1-1, Chapter 11, assistance to cotton and oilseed cooperatives. 

FCA—a-1-9, Chapter 36, purchasing cooperatives. 

OES, FCA—RM: c-558, Chapter 26, operating efficiency of agricultural marketing 
cooperatives. 

OFAR—RM: c-2, Chapter 23, foreign activities. 

OFAR—RM: c-544, Chapter 23, foreign activities. 

PMA, FCA—RM: c-75, Chapter 36, market facilities, organization, and equip- 
ment. 

PMA—RM: c-189, Chapter 11, improving marketing facilities, equipment, and 
storage methods for oilseeds and their products. 

PMA—RM : c-238, Chapter 11, improved methods for grading oilseeds. 

PMA—RM: c-382, Chapter 11, new and expanded outlets for oilseeds. 

PMA, OES—RM: €411, Chapter 11, reduction of marketing costs and margins 
by improving marketing methods for cottonseed and cottonseed products. 

PMA—RM: c—430, 431, 482, Chapter 36, marketing service programs. 

PMA—Cottonseed market news, Chapter 33. 

PMA, Administration of United States Warehouse Act, Chapter 35. 
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Harp-Frper Propuction, Breepine, Disease, AND QUALITY 
INVESTIGATIONS 


(BPISAB—a-3-1—Federal-State) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) aid in safeguarding our required supply of abaca, sisal, and 
henequen which furnish strategic raw material for marine cordage and 
other types of cordage considered essential by the Navy and for binder 
and baler twine; (2) encourage the increased production of fibers 
of the desired qualities of abaca, sisal, and henequen, and a suitable 
substitute for these fibers in regions of Latin America having condi- 
tions favorable for their production; (3) secure and disseminate in- 
formation that will aid in the development of this industry; (4) sur- 
vey and make recommendations for the research on the control of pests 
and diseases that are hampering the progress of this essential industry 
in Latin America; (5) help maintain satisfactory and reliable stand- 
ards of qualities on these fibers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-3—1-8—A bac, sisal, henequen, and other hard fibers not produced 
in the United States. The chief objective of this project is production 
of abaca, sisal, and henequen of the desired qualities for cordage pur- 
poses, but exploratory work is being done in an effort to find suitable 
substitutes for these fibers in regions of Latin America Ss con- 


ditions favorable for their production. In order to accomplish this 
end and to aid in safeguarding our required supply of these fibers, 
information is secured and disseminated that will aid in the develop- 
ment of this industry. Problems are surveyed in order that properly 
organized research for control of pests and diseases can be recom- 
mended when needed. Laboratory tests are being made at Beltsville 
to evaluate the physical properties of these fibers and their substitutes 
in order to maintain satisfactory and reliable standards of quality. 
Some of the line projects formerly under a—3-1 have been absorbed 
in a-3-1-8. Some have been discontinued and others have been ab- 
sorbed in line projects under g—5-0., 


C. HISTORY AND EVOLUTION OF THIS WORK 


In the early 1900’s, research on these fibers by BPISAE included 
extensive aula of Philippine abaca and other imported hard fibers. 
Studies were made on agronomic and ecological factors influencing 
production and quality. Plant introductions of abacaé were made 
under this project from the Philippine Islands to Latin America in 
1925, and the nucleus of an industry was established there. The abaca 
industry there has since grown to be of major importance. 

Later, a project was started in Florida to explore the possibilities of 
domestic production of hard fibers. This exploratory work brought to 
light the value of sansevieria, which is considered by the Navy and 
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Munitions Board to be an exceptionally good and extremely important 
substitute for abacaé. It is now being studied under a project on 
strategic materials (g-5-1). 

A fiber laboratory was also established by this Bureau to study the 
quality of fiber from different parts of the world and to evaluate 

otential substitutes. A continuing function of the laboratory has 

en fiber evaluation for agronomic studies. The function of the 
laboratory has not changed essentially, and it is being carried mainly 
under the project but also supplemented by two other work projects 
on fibers other than cotton. 

Survey, advisory, and fiber-testing work have been the major activ- 
ities of the project in its present status. A recent survey under this 
project has been the basis for setting up the extensive research pro- 
gram under a recent special congressional appropriation fer abacé 
expansion in the Western Meniaalanen. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual expenditures for this work project from 1946 through 
1950 averaged about $23,000. During the very early stages of this 
work it was not divided on a project basis of this type. During the 
1930’s the annual expenditures were about $6,000 to $9,000 annually. 
In 1942 they were $9,287; in 1943, $11,500; in 1944, $19,050; and in 
1945, $20,050. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Exploratory work under this project established the value of san- 
sevieria fiber and demonstrated it could be grown in the southern 
part of the United States, This was the basis for the research program 
on this crop that is now under way in Florida. 

Introduction of abacé from the Philippine Islands into Latin Amer- 
ica in 1925 proved first that abacé could be produced in the Western 
Hemisphere and at the same time provided planting material for the 
expansion that has since taken place. The extreme importance of 
this arene of abaca into the Western Hemisphere is well recog- 
nized, 


F. ADDITIONAL WORK NEEDED 


There is a need for refinements in the technique of testing hard 
fibers and detailed and extensive tests on the relation between labora- 
tory results and the mill results of spinning, the strength of the prod- 
uct, and its resistence to deterioration and wear under actual service- 
performance conditions to which marine cordage is subjected. Some 
system similar to the related fiber and spinning tests now employed 
for cotton fiber is badly needed for evaluating hard-fiber quality. 

Study of the tip-over disease of abacd.—The condition commonly 
known as tip-over disease in the Western Hemisphere has been causing 
disastrous damages in many localities. It is essential to definitely 
identify the cause and develop corrective measures. In addition to 
need for research on disease and insect problems of abacé, studies of 
a and cultural requirements of the plant should be under- 
taken. 
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Hemp, Fiax, Ramtr, Urena, Crorouarra, AND MisceLLANgEOus Fisers 
(BPISAE—a-3-2—Federal-State—Regular funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) conduct field and laboratory investigations of selected strains 
of certain fiber crops in order to improve yields and fiber quality; (2) 
develop more efficient agronomic practices; and (3) develop informa- 
tion on biololgical factors affecting retting and processing. Some of 
the miscellaneous fibers are studied in relation to their adaptation and 
value to American agriculture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-3-2-1 (Revised)—Developing improved cultural practices for 
fiber flax production. Determine agronomic practices that improve 
quality of fiber and increase fiber yields. 

a—3-2-2 (Revised)—Fiber flax improvement. To develop and 
maintain varieties of improved fiber quality and increased yield by 
hybridization, selection, and testing. 

a-3—2-3 (Revised) —Retting studies with fiber flax. To determine 
factors that influence the retting of flax in order to develop practices 
that will improve fiber quality and increase the financial returns from 
fiber flax production. 

a-3—2-10 ea ert fiber investigations. To investi- 
gate cultural practices, varieties, and processing methods that will 
increase production, lower costs, and produce an acceptable jute sub- 
stitute. 

a-3-2-12 (Revised)—Ramie fiber investigations. To develop 
methods of culture and fiber preparation that will lower production 
costs and produce a product that will compete with imported ramie 
and other textile fibers during normal times and provide a fiber of a 
quality that will be useful for strategic purposes. 

a-3—2-13—Miscellaneous fiber investigations (nettle, apocynum, 
sesbania, hops, grasses, zacaton, palm fibers, euphorbia; also fibers 
for stuffing, paper, brushes, etc.). To study, record, and disseminate 
information on miscellaneous plant fibers other than hard fibers not 
covered in other projects under a-3-2. 

a—3-2-14—-Hemp culture and improvement. To produce varieties 
of hemp more stedaniiie of high-quality fiber and adapted for differ- 
ent environmental conditions, to test and improve a monecious strain 
of hemp that has recently been obtained, Se Rterttets varieties with 
low marijuana content. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Plant fibers covered by this project assume considerable importance 
during a nationalemergency. Many leaf and stem fibers have a minor 
role in American production in time of peace but are important in 
times of national emergency. Research on flax and hemp has been 
conducted by the Department of Agriculture for many years, and 
most of the varieties being grown now have resulted from this work. 
Much less attention has been given to the other fibers covered in this 
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project. They have many important uses, however, that cannot be 
overlooked. 

At the outset of this work, about 1909, the main emphasis was on 
the selection and testing of new strains of fiber flax and a determina- 
tion of the optimum planning and harvesting date, cultural require- 
ments, and fertilizer requirements. These were studied for the con- 
ditions in Michigan, which State was at that time the center of the 
fiber-flax-growing area of the United States. Later, the industry 
was shifted to Oregon, and it was necessary to make the same agro- 
nomic studies for that area. Furthermore, the varieties that were found 
adapted to the Midwest did not prove satisfactory in Oregon. Simi- 
lar tests were therefore necessary in that area on both agronomic 
and breeding phases of the work. In addition, a hybridization and 
disease-resistance study was given particular emphasis in connection 
with the work in Oregon. At the present time the emphasis is being 
shifted away from cultural experiments and directed toward the de- 
velopment of winter varieties and the effect of irrigation on certain 
phases of agronomic practices. It is necessary to continue breeding 
for yield, fiber quality, and disease resistance, in order to maintain 
varieties resistant to diseases that are currently prevalent. 

The research on hemp concerned breeding and agronomic studies 
for several years, and the answers to some of the more important 
questions were worked out for the hemp-growing area at that time 
in Wisconsin. That research was discontinued and a new line of 
work was undertaken for the study of the adaptation of hemp to 
some of the less fertile areas on the borders of the Corn Belt. At- 
tention now is being directed toward yield, fiber quality, and cultural 
practices in the field and toward seed storage conditions in connec- 
tion with stockpiling. 

The ramie and other soft or stem fiber work has been conducted 
for the most part in Florida at the Everglades Experiment Station, 
although experiments have been carried out on a cooperative basis 
throughout the Southern States. The work on these crops has never 
been extensive and has been concerned primarily with testing the 
adaptation of various species to conditions in the United States. In 
the case of ramie, however, limited tests on cultural practices, fer- 
tilizers, and strains or varieties have also been included. 


D, FUNDS—-ANNUAL EXPENDITURES 


The annual allotments for these projects have fluctuated from 
minor part-time jobs in the early part of the century to $43,600 in 
1946 and $30,070 in the fiscal year 1949-50. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination and publication of factual information on optimum 
agronomic practices.—Such results were necessary information for a 
successful flax industry. Determinations were made in Oregon and 
Michigan. 

Variety improvements include the development of the Pinnacle 
variety of fiber flax, which was disease-resistant and highly success- 
ful in the Michigan area, and the introduction and testing of the Cir- 
rus variety of fiber flax, which was a great improvement over the 
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varieties being grown in Oregon at the time it was introduced. The 
Cascade variety has been found extremely productive in Oregon. 
It is disease-resistant, being almost immune to rust, one of the worst 
diseases in that area. It was produced by hybridization at the Ore- 
gon station. The hemp variety now grown resulted from early breed- 
ing work under this project. This open pollinated strain has been 
found to be very successful and productive in the present hemp-grow- 
ing area. 

he determination of retting techniques to improve fiber quality.— 
Certain retting procedures were found that gave somewhat better 
yield of fiber without injuring the fiber or edding costs. Many of 
these procedures have been adopted by the industry. 

Testing miscellaneous fiber plants—Miscellaneous fiber plants have 
been grown in experimental tests at different times and locations to 
record factual information in reference to their productiveness, thus 
yiving information on their economic feasibility for culture in the 
Tnited States. 


F. SOME ADDITIONAL WORK NEEDED 


The study of winter varieties and winter production of fiber fax.— 
Flax planted in the fall would have the advantage of the early spring 
rains and the cool moist growing season prevalent in Oregon. There 
are many problems, such as weed oats by cultural practices, win- 
ter hardiness, lodging, etc., which have to be studied before it can be 
recommended as a commercial practice. There are no good varieties 
of winter flax available, and these would need to be developed. 

The effect of irrigation on agronomic practices —The past research 
program has given the answers to many of the agronomic problems 
connected with fiber-flax production, but the proper practices under 
irrigated conditions have not been adequately investigated. Addi- 
tional attention should be given to this phase of the work. Also, the 
response of different varieties under irrigated conditions should be 
studied. 

The retting of flax is connected with many questions about which 
more specific information is needed. 

All of these proposed studies should be made with attention to both 
yield and fiber quality. 


Finer Fiax Harvestinc AND Processtnc MAacuiNery INVESTIGATIONS 


(BPISAE—e-3-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop flax harvesting and processing machinery which will 
reduce labor requirements, increase capacity, and preserve the in- 
herent good quality of the fiber and, in turn, increase returns to the 
growers. Attempts were first made in Europe to mechanize the 
harvesting and to industrialize the processing of the crop, but the 
equipment and methods were not suited to American conditions. 
Work under this project, therefore, is directed toward developing 
a complete line of labor-saving equipment for both harvesting and 
processing operations. Although the production of fiber flax is 
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limited to a relatively small area in this country, it is an essential 
industry, and flax fiber is used in large quantities. Its importance 
is shown by the action of our Government during World War II when 
production was augmented by subsidies and other means in an effort 
to secure large quantities of this strategic fiber. 


B. CURRENTLY ACTIVE LINE PROJECTS 


e-3-2—1—Pilot plant for fiber flax processing operations. To ob- 
tain information on fiber quality ana processing costs from an ex- 
perimental processing line using improved equipment under commer- 
cial conditions. 

e—3-2-2—-Artificial drier for retted fiber flax straw. To develop 
an artificial drier for retted fiber flax straw in order to change the 
present seasonal nature of the work at flax mills to that of a con- 
tinuous year-round operation. 

e-3-2-3—Bulk hanclitnts of fiber flax straw. To develop equipment 
and techniques for the bulk handling of bundles of straw at fiber 
flax processing plants. 

o-5-2-4 Self-propelled fiber flax puller. To develop a high- 
capacity, self-propelled machine which will pull flax with a mimi- 
mum of damage to the straw and tie it in neat bundles with even 
root ends. 

e-3-2-5—Retted straw straightener and spreader. To develop a 
mechanical device for operating and straightening retted flax straw 
prior to scutching for increasing fiber yields and scutching-machine 
capacity. 

e-3-2-6—Automatic string cutter for fiber flax bundles. Todevelop 
a machine which will automatically cut and remove the binder twine 
from bundles of pulled flax straw prior to deseeding and from bundles 
of retted straw prior to scutching. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Fiber flax investigations dealing with harvesting and processing 
machines were begun cooperatively in Oregon in 1939. An engineer- 
ing analysis of the industry determined where in the chain of opera- 
tions research work might.be of greatest value. The equipment used 
had been imported from Europe and generally was not well adapted 
for use in this country. Sufficient progress in machinery develop- 
ment was made in time to assist in expanding the industry to An 
flax fiber needed during World War II. However, some of the 
major developments in processing machinery were not made in time 
for use during the war, and work has continued in an effort to make 
the domestic flax industry profitable for the producers and processors 
under peacetime conditions. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Annual expenditures of regular funds for fiber flax machinery 
investigations ranged from approximately $25,000 in 1939 to $47,160 
in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of a rotary comb deseeder to increase labor 
eficiency—This type machine, for which a public patent was ob- 
tained, reduced the labor requirements from approximately 10 to 3 
man-hours per ton of straw. The use of this machine on about 9,000 
tons of the 1946 crop in Oregon resulted in an estimated saving in labor 
of approximately $63,000. 

T Me development of tow-cleaning equipment.—Fiber flax tow, a 
tangled mass of fiber resulting from the scutching operation, was at 
one time almost a worthless byproduct at Oregon mills. The tow- 
cleaning equipment development resulted in the sale of over $70,000 
worth of tow at a time when there was no market for the uncleaned 
product. 

New fiber flax scutcher increased yields of line fiber—A scutching 
machine with improved straw breaker, new-type gripping device, and 
combs for extra cleaning raised the yield of line fiber about 2 percent. 
With line fiber at 50 cents a pound, the machine increased the value 
of pulled flax as delivered by the farmer approximately $10 per 
ton. On the basis of peak World War II production, the machine 
would have increased the value of the Oregon flax fiber crop by 
approximately $250,000 per year. 


F. SOME ADDITIONAL WORK NEEDED 


With the development of an artificial drier for retted fiber flax 
straw to change the present seasonal nature of work at flax mills 
to that of a continuous year-round operation, and the collection of 
information on fiber quality and processing costs from an experi- 
mental processing line using improved equipment under commercial 
conditions. 


PropUCTION AND Processinc EQureMENT FoR SpecraL Finer Crops 


(BPISAE—e-3-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of these investigations is to improve the possibilities 
of producing in this country such needed fibers as those used for rope, 
cord, binder twine, bagging, carpet and linoleum backing, and other 
products. Normally, the fibers of this type used in the United States 
are imported from Europe, Asia, the Philippines, and Latin America. 
Because imported fibers are usually grown in countries with low labor 
costs, American operations must be completely mechanized if fiber 
costs are to be kept in a competitive range. The investigations have 
been limited to the development of machines for those fibers that can 
be planted, cultivated, harvested, and processed by mechanical means. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


e-3-3-1—Sansevieria production and processing equipment investi- 
gations. The leaves of sansevieria are probably the best substitute 
known for manila hemp. Machines have been developed for trans- 
planting, harvesting, and decorticating this fiber on a purely experi- 
mental scale, but the costs of production and processing have yet to be 
determined. 

e-3-3-2—Ramie production and processing equipment investiga- 
tions. Ramie is a plant producing a fiber that has many possibilities 
for use in textiles and in industry. The object of this project is to 
develop and adapt machinery for the planting, growing, harvesting, 
and processing of the crop. 

e-3-3-3—Develop production and processing equipment for kenaf 
and other jute fiber substitutes. Jute is used for all kinds of bagging, 
sugar sacks, cotton bale covers, gunnysacks, hessians, upholstery web- 
bing and tow, cord and twine, ‘and many other purposes. The most 
promising substitute for jute seems to be kenaf. This project is con- 
cerned with development of machines for production and processing 


of kenaf. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was initiated in 1943 as a part of the Department’s war 
effort, and the primary objective was to study the possibility of gr0- 
ducing and processing sansevieria fiber. Ata later date, the War Pro- 
duction Board made funds available for 2 years to the cooperating 
Florida Agricultural Experiment Station for research on ramie. 
After the war jute was so scarce and so high priced that work on jute 


substitutes was added to the Federal program. 


D. FUNDS-——-ANNUAL EXPENDITURES 


On the average, expenditures have amounted to about $35,000 per 
year since 1943, and $37,460 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Machines have been developed for cutting sansevieria leaves into 
suitable portions for planting the leaf segments in the ground—A 
harvester has been built which will cut and bind leaves as short as 
20 inches, with little loss. After many trials, a decorticating machine 
has been designed which scrapes the pulpy part of the leaf from the 
fiber with a minimum amount of broken or waste fiber. An artificial 
drier has been designed and built which quickly dries the fiber as it 
comes from the decorticator without injury to fiber quality. 

Machines for digging, cutting, and planting ramie roots have been 

erfected—A harvester, based on those used in cutting American 
i during the war, has been found to work quite well with ramie. 
The decorticator built for sansevieria has been adapted to serve also 
for ramie. Decorticated ramie has to be degummed before the fiber 
is dried, and a continuous degumming process has been developed wit) 
a capacity equal to that of the decorticator and the drier. 
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F., SOME ADDITIONAL WORK NEEDED 


For all of these fibers there is need for development of portable de- 
corticators to remove the fiber in the field. Such a machine would save 
hauling the entire leaf or stalk from the field to the processing plant, 
and hauling the waste material away from the processing plant. 
Since about 95 percent of the hauling costs are for waste material, the 
savings would be considerable. The mechanical problems involved 
are quite complicated. 

Accurate cost figures should be obtained covering all items involved 
in the finished fiber—If 100 acres of each of the fibers could be set up 
for experimental work, much information as to economical size of 
plantings, size of processing plant, and other factors could be deter- 
mined. Such plantings also would provide planting stock and seed 
for a quick expansion of fiber production in an emergency. 

There is need for study of the kind and amount of processing neces- 
sary to meet the quality requirements of the various end uses, and of 
the prices which the various qualities of fibers might be expected to 
bring in an open market. These facts will have to be determined 
before a final report as to the feasibility of the commercial production 
of any of these fibers can be prepared. 


Researcu oN Domestic Propucrion or Srratrecic Fisers 
(BPISAE—g-5-1—Federal-State) 
(Strategie and critical agricultural materials) 


A. PURPOSE AND NATURE OF CURRENT WORK 


These studies are directed toward the commercial production in the 
United States of hard fibers and extenders not now grown or utilized 
extensively in this country as possible emergency substitutes for nor- 
mal hard fiber supplies, now almost entirely of foreign origin. This 
project, in part, supplements work done by BPISAE under projects 
a-3—1 and a—3—2, above. 


B. CURRENTLY ACTIVE LINE PROJECTS 


g-5-1-1—Sansevieria production investigations. To determine 
locations, soil types, cultural methods, production practices, species, 
and varieties best suited to fiber production in the United States and 
to build up planting material sufficient to establish a nucleus of an 
industry that could be rapidly expanded during a national emergency. 

g-5-1~2—Phormium investigations. To study climatic conditions, 
soil, and agricultural practices best suited to phormium production in 
the United States and to determine species and varieties that are best 
suited to our conditions and consumers’ requirements. 

g-5~1-3—Yucca fiber studies. To make studies of fiber yield and 
quality as affected by age of leaves, species, environment, and method 
of extraction. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


In recent years approximately 179,000 long tons of tropical hard 
fibers are imported annually for domestic consumption. Domestic 
cotton, wool, and synthetic fibers are not suitable for the needs filled 
by these imported hard fibers. The Munitions Board is particularly 
concerned with emergency supplies of extenders for abaca and sisal 
cordage fibers. Regular funds available to BPISAE have permitted 
only limited exploratory studies in this field, inadequate to supply 
information that would be necessary to properly supply emergency 
needs. The Navy has indicated that sansevieria is the most promising 
substitute for abaca and marine cordage, and exploratory work indi- 
cates that this crop offers possibilities of production in the United 
States. Phormium, a hard fiber with very wide climatic adaptation, 
might be used as a substitute for sisal and is well adapted to a tem- 
perate climate as in the United States. Yueca, which grows wild in 
the southwestern United States, has a high percentage of hard fiber 
which could be used as a sisal substitute for some purposes. During 
World War ITI extensive surveys of stands were made, species were 
identified, and the extent and concentrations of distribution were esti- 
mated. Fiber quality studies are now being completed to supplement 
the information obtained in the past. 

In 1949 an allocation of funds for research on strategic and critical 
agricultural materials permitted the initiation of an organized re- 
search program to determine the possibility of establishing a small 
nucleus production industry of strategic fibers in this country and to 
determine the possibility of expanding these in times of national 
emergencies. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds come from “Research on strategic and critical agricultura| 
materials.” In the first year of the project, fiscal year 1950, they 
amounted to $50,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination that Sansevieria trifasciata is much superior to the 
S. guineensis in tall growth (desirable for mechanical processing) and 
frost resistance. 

Surveys have established proof that phormium is better adapted to 
our Pacific coast region than earlier evidence had indicated. 

Studies on yucca have provided information on the acreage, yield, 
and quality of wild yucca stands, in case it ever becomes necessary tv 
have an immediate source of fiber in an emergency. 


F. SOME ADDITIONAL WORK NEEDED 


Plant breeding with sansevieria—There has been practically no 
plant breeding done anywhere in the world with sansevieria, The 
possibilities of improving this crop by breeding work are great. High 
fiber content, rapid rate of growth, tall growth habit, and other desir- 
able characteristics are to be found in several different species. Many 
of these species can be crossed and offer a wide field for improvement. 
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Cultural weed control.—Control of weeds in this crop is one of the 
— problems in its production during the early stages of its growth. 
Cultivation by machinery is hampered by the need of the plants to 


spread between rows. Improved cultural and possible chemical 
methods of control are essential. 

Plant breeding with phormium.—This crop should be studied from 
the point of view of developing varieties adapted to United States 
climate and machine methods of handling. 








OILSEEDS AND PEANUTS, EXCLUDING 
COTTONSEED 


Chapter 11—Part II 


Foreworpb 


This chapter on oilseeds and peanuts covers research and related 
services in the USDA concerning these commodities. The material 
is divided into three sections entitled “Production,” “Utilization,” and 
“Marketing.” These sections include a description of the work on 


breeding, disease, and quality investigations, and methods of harvest- 
ing and curing; various types of utilization investigations, including 
fundamental and other studies designed to develop new and expanded 
uses; and marketing activities covering prices and ee 


analyses, facilities, equipment and methods, and grades and standards. 
Following each major section of the chapter are cross-references to 
project statements in other chapters which include some work con- 
cerning oilseeds and peanuts. 
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A. PRODUCTION 


Peanut Propuction, BreepiNG, AND DIsEAsEs 
(BPISAE—b-4+6—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the efficiency of growing peanuts for food, feed, or 
oil by developing improved methods of cahuite, fertilizing, field man- 
agement, and disease control, and by breeding varieties that are more 
productive and better suited to specific uses than those now available. 

ecent work has dealt especially with varietal differences in relation 
to best times and rates of planting and time of harvest ; seed prepara- 
tion and treatment for good stands and disease control; and breeding 
and preliminary evaluation of new lines and evaluation of intréduc- 
tions from abroad. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b4-6-1— Peanut selection and breeding. To obtain new varieties 
of higher yield, quality, and suitability for oil, food, feed, or hay pro- 
duction. 

b46—-2—Peanut-production investigations including fertilizer re- 
quirements and methods of preparing and planting seed for best 
stands and yields. To obtain larger and more profitable yields of 
peanuts per acre through improved cultural practices. 

—Peanut diseases, their causes and control; effectiveness of 
chemical seed treatments; control of leaf diseases to increase yields 
of nuts and forage; effect of rotation and sanitation on root rot. To 
oar or reduce losses in yield or quality that are caused by 

isease. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Until about 1940 peanut investigations in the BPISAE were con- 
ducted on a minor scale. The work was of a relatively elementary 
character but established some of the principal cultural and varietal 
guides for growing and handling the crop under prevailing conditions. 
Work was initiated in the Southeast and Southwest about 1910 to hel 
develop a crop to offset early losses from boll weevil in cotton. Work 
was markedly expanded in 1940 with emphasis on breeding and disease 
investigations but also including culture and preliminary studies on 
harvesting and handling. 


D. FUNDS—-ANNUAL EXPENDITURES 


_ Before specific appropriations for — investigations were made 
in 1940, annual expenditures were about $5,000; through the 1940’s 
about $25,000, and up to $25,470 in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Superior selections.—Improved selections of Spanish peanuts de- 
veloped in this work were dominant in the Southeast for many years 
and are still grown. About 1935 outstanding large-seeded Virginia 
selections were released. Since 1940 several highly productive Spanish 
and runner peanuts have been developed or easiness from abroad 
and tested. These are now getting into commercial production. 

Seed treatments to offset the unavoidable injuries of machine-shell- 
ing of seed were worked out cooperatively about the beginning of 
World War II. Now a universal practice, seed treatment with fun- 
gicides makes feasible the planting of machine-shelled seed, much of 
which otherwise would rot in the soil and give poor stands and there- 
fore poor yields. 

Yields of nuts and hay are increased by control of leaf diseases. 
Dusting foilage with sulfur or dusting or spraying with copper fungi- 
cides has increased yields of nuts moderately and yields of hay greatly. 

The most favorable planting rates for different types of peanuts 
have been established. Rates vary not only with variety but also with 


the soil fertility. A good stand is essential for high yields. 


F, SOME ADDITIONAL WORK NEEDED 


Although present authority and projects are broadly stated, re- 
sources permit attention only to the most pressing problems of an 
applied character. Some large basic problems are largely untouched. 

isease reactions and breeding interrelations of foreign varieties 
and closely related species need to be established as a basis for orderly 
development of improved disease-resistant varieties for specific pur- 
es, 
"eatin basic studies on biological methods of control of root rot 
and other soil-borne disease organisms cannot be undertaken with 
the limited resources available for disease-control work. 


Rectonat InvesticAtions To Improve tHe Peanut Crop THrovucu 
User or Supertor VaArretters AND Meruops oF HARVESTING AND 
CURING 


(BPISAE—RM: b—54—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This work is carefully integrated with other peanut investigations 
under project b-4—6, above, and is currently restricted to two specific 
objectives: (1) To evaluate quality and productiveness—in a_re- 
gionally coordinated cooperative program—of the poco ay best 
introductions and new varieties of peanuts developed under project 
b—6 and by State or other agencies, and to foster the commercial 
exploitation of the best of these; and (2) to work out the biologica! 
aspects (in contrast to engineering and economic problems) of peanut 
harvesting and curing by different methods for obtaining higher 
quality in food and seed peanuts with less hand labor. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-54-1—Improving quality of peanuts by improved methods 
of harvesting, curing, ai handling peanuts before processing. To 
try to find economical ways of handling peanuts to avoid weather 
damage or other deterioration of quality between time of harvest and 
placing in storage or moving into processing channels. 

RM: b-54-2—Regional testing and promotion of superior peanut 
varieties and strains for food, feed, and other purposes. To evaluate 
introductions and new varieties of peanuts developed under project 
b4-6 and by State or other agencies and encourage commercial adop- 
tion of those recommended. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was established in 1948 in response to need for facili- 
ties for (1) adequate regional evaluation of new varieties, to en- 
courage the commercial use of those good enough to replace the old 
varieties; and (2) determination of the effects of certain experimental 
methods of harvesting and curing on the food and seed qualities of 
peanuts so handled. Cooperative relations and detailed plans were 
promptly established and have been followed without important 
change to date. The first 3-year run will be completed this fall and 
winter, after which some change in relative emphasis in some phases 
of work may be indicated. 


D. FUNDS—ANNUAL EXPENDITURES 


Allotments to this project were $19,600 in 1948; $20,100 in 1949; 
and $20,300 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since the first 3-year cycle of field work has not yet been completed, 
only tentative statements can be made about most of the results to 
date. The following points appear definite enough to warrant refer- 
ence ; 

Runner peanuts may be of as good quality as other kinds.—In this 
work some strains of runner peanuts have produced as good salted 
peanuts or peanut butter as have typical stocks of types supposedly 
superior. When properly grown and cured they show no inferiority, 
although their heavier vine growth makes curing more difficult and 
often leads to improper curing and lower nut quality. 

Quick drying impairs quality —If freshly harvested nuts are dried 
too rapidly or at too warm temperature, it appears that the character- 
istic flavor of a well-cured nut does not develop. Seed coats are dam- 
aged and seed value is impaired by high-temperature drying. Artifi- 
cial euring will require much additional work. 


F, SOME ADDITIONAL WORK NEEDED 


New varieties and stocks will have reached the stage for regional 
evaluation about the time the present run is completed. In the ab- 
sence of any well-established peanutsseed industry, increased atten- 
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tion to the commercial maintenance and increase of new kinds—by 
private business—will probably be necessary. The future course of 
studies related to methods of harvesting and curing will need to be 
altered from time to time in order to be properly coordinated with 
developments in the engineering field. 


Seep Fiax anp Buckwueat Propucrion, Breepine, Disease, anp 
Qua.ity INVESTIGATIONS 


(BPISAE—a-1-3—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) breed varieties of seed flax having suitable oil quality, that 
are resistant to prevailing diseases, and that are adapted to the dif- 
ferent producing areas; (2) determine the best methods for producin 
flaxseed and for producing and conserving the straw for Encbansial 
use; and (3) discover the best methods for controlling flax diseases. 
In addition, investigations for the improvement of yield and quality 
in buckwheat are conducted under this work project. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-3-4+—Breeding and production of buckwheat. The breeding, 
by various methods, of varieties of buckwheat for improved quality 
and adaptation to different regions and to adverse conditions such as 
high temperature. 

a—1-3-/—Breeding and distribution of disease-resistant flax vari- 
eties adapted to the North Central States. The development of vari- 
eties of higher oil content and higher drying quality that also are 
resistant to the wilt, rust, and pasmo diseases, and that give good 
yields. 

a-1-3-8—Breeding and distribution of adapted varieties of flax, 
resistant to disease and cold, for fall seeding. The development of 
varieties adapted to fall seeding and winter growing conditions in 
south Texas. 

a—1-3—-10—Maintenance of seed stocks for use in future breeding. 
The growing and maintaining of viable seed supplies of all domestic 
and many introduced varieties which may be useful for crossing with 
adapted varieties. 

a—1-—3-11—Effect of soil, climate, and variety on the yield and qual- 
ity of flaxseed as a guide in increasing flax acreage in new areas. The 
testing of new varieties for yield viele many different environments, 
followed by chemical analysis of the seed and oil to determine quality. 

a—1-—3-13—Develop practical methods for the control of flax dis- 
eases and to prevent introduction and dissemination of new diseases. 
Determination of best methods for controlling the different flax dis- 
eases by cultural practices and other treatments, and for excluding 
exotic diseases. 

a-1-3-14—Control of seedling diseases of flax by means of fungi- 
cides. Determination of the best seed and soil treatments for pre- 
venting the various seedling blights and seed rots of flaxseed. 

a~—i-3-15—Breeding buckwheat varieties having high rutin content. 
To conduct experiments on the @ffects of rotations and fertilizers on 
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the rutin content of buckwheat and to breed varieties having increased 
rutin content. 


C, HISTORY AND EVOLUTION OF THIS WORK 


The testing of varieties of seed flax began about 1912, and flax 
breeding was started 2 years later. The breeding and distribution 
of wilt-resistant varieties restored the culture of flax on old cropped 
lands. Further breeding experiments resulted in the development of 
varieties that are resistant also to rust and other diseases. Cultural 
experiments demonstrated that the best yields of flaxseed were ob- 
tained when the crop was sown early, and this brought about a change 
from the prevailing practice of late seeding. Other cultural experi- 
ments, along with tests of varieties and selections, resulted in the 
expansion of flax into entirely new production areas where the crop 
is now grown from fall seeding. 

In recent years the emphasis has been placed on combining high oil 
content and quality with disease resistance. The limited amount of 
experimental work devoted to buckwheat is carried under this project 
and was started about 1912. 


= 


D. FUNDS—-ANNUAL EXPENDITURES / 


Prior to 1915 less than $2,000 per year was spent on this work. 
From 1915 to 1930 the amount increased from $3,000 to $16,000 per 
year. Since 1931 the amount has gradually increased, varying from 
$19,000 to $38,000. In 1950, $26,150 was allotted to this project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of disease-resistant flaw varieties with high oil content 
and high oil quality—Most of the flax grown prior to 1920 was of 
varieties that were highly susceptible to the wilt disease. Wilt-resist- 
ant varieties, which were developed between 1910 and 1935, were low 
either in oil content or in oil-drying quality. Varieties distributed 
since 1940 have all been resistant to wilt, and in all were combined 
high oil content and high oil quality to a considerable degree. Most 
of these varieties also have been resistant to rust and certain other 
diseases. 

Establishment of fall-sown flax culture in California, Arizona, and 
Texas.—Prior to 1931, flax production in this country was confined 
exclusively to the Northern States where the crop is spring-sown. 
Preliminary experiments from 1914 to 1925 had shown that flax some- 
times produced well in California, Arizona, and Texas, but poor crops 
often were obtained. 

Later experiments indicated that a selected variety called Punjab 
produced high yields in California and Arizona. Seed of this variety 
increased from a spoonful in 1927 and was first distributed to Cali- 
fornia farmers in 1931. The variety later spread to Arizona. The 
Rio variety, introduced from Argentina, was the basis for the initial 
commercial production in Texas. In all States it was found that the 
date of seeding flax was extremely important. Experiments revealed 
that sowing either too early or too late in the fall subjected the crop 
to damage from freezing temperatures at critical growth stages. 
Between these stages the flax plant can withstand considerable cold. 
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About one-sixth of the national flax crop was produced in California, 
Texas, and Arizona in 1949. 

Earlier spring seeding of flaw in the North—Date of seeding ex- 
periments, begun in the Northern States in 1912, indicated that early- 
sown flax pr oduced the highest yields and suffered least from competi i- 
tion with weeds. Young flax aSinits suffered little injury from spring 
frosts, which was contrary to popular belief. Prior to 1920 most of the 
flax was sown rather late, but since then farmers have taken advantage 
of the benefits to be derived from early seeding whenever possible. 

Rutin, useful in medicine in reducing high blood pressure, a cause of 
“stroke” in humans, is found in buckwheat. Experiments have re- 
vealed that buckwheats differ in the rutin content of their green 
leaves and stems, and that tatarium buckwheat is probably superior 
to other buckwheats in this respect. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding of varieties resistant to new races of rust.—Varieties of 
seed-flax such as Dakota, which were resistant to rust when first 
grown on farms, are now being damaged by new races of the flax rust 
organism. This makes necessary the breeding of varieties having 

resistance to both the new and old races of rust. Also, further im- 
provement in yield and quality is needed. 

Hardier winter flar.—Despite the development of somewhat hardier 
varieties, flax still suffers considerable damage from freezes in south 
Texas. Hardier varieties should be bred by crossing existing con 
mercial varieties with hardy exotic varieties or with wild relativ: 
of cultivated flax. 

Resistance to pasmo disease.—F lax varieties should be collected fr: 
wherever available throughout the world to provide additional ma 
terial, resistant to pasmo ‘and superior in resistance to other diseases, 
as well as in yield and oil characteristics. By breeding, these disease 

resistance characters should be i incorporated ‘into new varieties, at tle 
same time maintaining and improving yield and resistance to w ilt a1 
rust. 

Fiber quality in flax straw.—With the widespread use of flax fiber 
in the manufacture of paper, rough twine, and textiles, more attentio: 
should be given to the quality of the fiber. The increasing use of 
the combine for harvesting seed flax raises a problem in utilizing the 
straw for fiber production, since straight, untangled straw is desirabie 
for fiber processing. 

Rutin content of buckwheat.—With the increasing demand for rutin 
in medicine, increased attention should be devoted to the search for 

varieties giving a higher yield of this important drug. Cultura! 
practices should be thoroughly investigated to find methods giving the 
best possible yield of varieties available, and breeding for increase: 
rutin production in plants should be expanded. 





‘nia, 


| @X- 
wly- 
ret l- 
ring 
F the 
tage 


OILSEEDS AND PEANUTS, EXCLUDING COTTONSEED 915 


Deve.Lop Seep-F Lax Varteties Resistant to Witt, ANTHRACNOSE, AND 
Oruer Diseases Limirinc FLAxsrep Propucrion UNpbEr IrRIGATION 
IN THE WESTERN STATES 


(BPISAE—RM.: b-529 Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) breed disease-resistant varieties of high-quality seed flax 
adapted to the Western States and (2) determine the effect of differ- 
ent cultural practices on the yield and quality of flaxseed. New 
strains of flax to be developed by hybridization and selection are 
tested for yield, quality, and disease reaction in different localities 
and under different cultural conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-529-1—Breed and distribute adapted varieties of seed flax 
resistant to disease, for production in the Western States. To breed 
flax varieties adapted to the Western States that are also resistant to 
anthracnose, wilt, and pasmo. 

RM: b-529-2—Effect of cultural practices on the growth, yield, and 
quality of flaxseed under irrigation in the Western States. Determina- 
tion of the methods, rates, and dates of seeding, crop sequences, and 
irrigation practices that produce the best yield and quality of flaxseed 
in different sections. 

RM: b-529-3—Test seed flax varieties and selections for resistance 
to wilt, anthracnose, pasmo, and other diseases of importance in the 


Western States. Test domestic and introduced varieties and newly 
developed strains of flax for reaction to the different diseases, as a 
basis for breeding and distributing new resistant varieties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Small-scale tests of flaxseed varieties conducted in the Western 
States from 1914 to 1919 were resumed in 1927. These later experi- 
ments, which were supported largely from State funds but utilized 
breeding lines supplied by the Department, resulted in the establish- 
ment of commercial flaxseed production in that region. No seed flax 
diseases were observed for several years because the crop was grown 
in new areas. Eventually, however, the flax began to be attacked by 
anthracnose and later by wilt and pasmo. Punjab, the ennieks com- 
monly grown, was susceptible 2 these diseases. The disease-resistant 
varieties developed for spring planting in the North Central States are 
not adapted to California and Arizona conditions. This project was 
activated to provide for the breeding and more extensive testing of 
seed flax varieties for the West. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Funds in the amount of $12,100 were first provided for the fiscal 
year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


This project was started in the fall of 1949, and only one crop has 
been produced. Variety tests were conducted, but the data for 1 year 
only are available. The world collection of flax was grown in 1949-50 
in order to determine flax types and varieties best suited to the West. 
A start was made in establishing a plot of wilt-sick soil for use in 
future experiments to select wilt-resistant varieties. 


F. SOME ADDITIONAL WORK NEEDED 


Varieties that will withstand cold are also necessary for the safe 
production of flaxseed in California and Arizona. 


Soypean Propuction, Breeprne, Disease, AND QUALITY 
INVESTIGATIONS 


(BPISAE—a-+43—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The development of varieties that will permit the most efficient 
production of soybean products for human food, forage, and industrial 
purposes. New plant introductions from domestic and foreign sources 
are classified and evaluated as to maturity, chemical composition, 
disease reaction, and other agronomic characteristics. Fundamental 
investigations of soybean breeding methods, the effects of various 
environmental factors on yield, quality, and disease and insect injury, 
and the identification and life history studies of important scalar 
diseases are being pursued to assure the timely development of varie- 
ties that will meet the changing conditions under which soybeans are 
grown. This work is coordinated closely with research under project 
SRF-3-3 (page 919) to avoid duplication and to permit maximum 
progress toward obtaining the objectives. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-3-13—Breeding and evaluation of improved varieties of soy- 
beans. To obtain directly, and through hybridization from introduc- 
tions evaluated in this program, varieties of known, dependable per- 
formance for food, forage, and industrial a! een This reatatreh is 


done concurrently with fundamental studies of breeding methods and 
is coordinated with the soybean breeding program carried under 
project SRF-3-3. 

a—4-3-14—-Studies of agronomic practices and environmental influ- 
ences in relation to increased production and quality. To determine 
the effects of various agronomic practices and environmental condi- 
tions, such as date of planting, rainfall, and soil treatments, upon seed 
yield, content, and quality of oil and protein, and prevalence of 
diseases and insects. 





lent 
rial 
rces 
ion, 
otal 
lous 
1ry, 
ean 
rie- 

are 
ject 
tum 


s0y- 
luc- 

er- 
h is 
and 
der 


iflu- 
nine 
ndi- 
seed 
» of 


OILSEEDS AND PEANUTS, EXCLUDING COTTONSEED 917 


a-4-3--15—Disease investigations, including studies of causal or- 
ganisms and methods of control. To determine the diseases that 
seriously damage a yields and quality and how these diseases 
behave, and to develop appropriate control measures, including co- 
operation with the plant breeders in development of disease-resistant 
varieties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Starting shortly before the turn of the century, soybean research 
dealt primarily with the introduction and testing of varieties from 
the Orient. Performance of these introductions was measured by their 
hay yields and maturity. Pure line selections were made from these 
early introductions and tested by State and Federal soybeans research 
workers. The best of these selections became the first widely grown, 
named varieties. The soybean was used extensively as a forage crop, 
prior to 1941, over half of the acreage being devoted to that purpose. 
The demand for vegetable oil, stimulated by World War II, increased 
the acreage of soybeans harvested for beans. Since 1941 this trend 
has continued to make soybeans one of America’s most important 
oilseed crops. Recognizing this increasing importance of soybeans as 
an industrial crop, the regional soybean laboratory was established 
in 1936 under project SRF-3-3 with primary responsibility of breed- 
ing improved varieties and developing improved techniques for beans 
for industrial uses. As the crop expanded and its culture became more 
intensive, diseases which were once thought to be of little consequence 
on soybeans began to take a heavy toll of yield and quality. As a 
result, in 1945 and 1946, research on diseases, their causal organisms, 
life histories, and methods of control was initiated under this project. 


D, FUNDS—-ANNUAL EXPENDITURES 


No specific allotments for soybean investigations were made prior to 
1935. Asa rough estimate, annual expenditures varied from $700 in 
1910 to $18,000 in 1929, remaining at about this same level until 1944. 
During 1945 and 1946 the expenditures were about $34,000 and $76,000, 
the increases being for the initiation of new investigations on soybean 
diseases. Since 1947 the annual allotments have been about the same as 
the 1950 figure of $82,630. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A new crop for American agriculture—There are few other in- 
stances of introduced crops that have risen to such importance in so 
short a time as have soybeans. Not many years ago, this crop was 
unknown on American farms. Now more than 12,000,000 acres are 
grown annually. Because of this crop, there has developed a process- 
ing industry with an estimated value of three-fourths billion dollars. 
This rapid and spectacular growth can be attributed very largely to 
introduction and testing of varieties and improvement in cultural 
practices developed under this project and project SRF-3-3, page 919 
of this chapter. 

Allimportant varieties of soybeans grown in the United States today 
have come directly or indirectly through selection and hybridization 
from introductions obtained and evaluated in this research program. 
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Adapted varieties have been developed for many areas that could not 
grow soybeans efficiently a few years ago. 

Varieties suitable for direct machine harvesting were not available 
30 years ago. Modern varieties that stand erect for combine harvest- 
ing and that do not lose their seed by shattering have increased the 
efficiency of production significantly. 

Soybean oil production more than doubled during World War 11 
when the oil was a critical resource. Without the soybean research 
work immediately prior to, and during the war years, this increased oil 
output would have been impossible. 

Soybean disease studies are facilitating the development of resistant 
varieties.—Only a few years ago, bulletins on soybeans pointed out that 
there were no important disease pests. Unfortunately, with more 
intensive culture, this proved not to be the case. Following intensifi- 
cation of the disease investigations, organisms causing the major 
diseases have been identified. In some of these, methods of creating 
artificial epidemics in the breeding nursery have been developed 
enabling the plant breeder to select precisely for resistance. 

Relation between bacterial pustule and wildfire discovered —These 
two destructive diseases, although showing distinct symptoms and 
known to be caused by different bacteria, were known to be related in 
incidence. Research revealed that bacterial pustule occurs first and, 
under field conditions, the organism causing wildfire can attack the 
plants only after gaining entry through the lesions caused by bacterial 
pustule. This discovery greatly simplifies the problem of breeding 
resistant varieties since it is now known to be necessary only to obtain 
resistance to pustule. 

Brown stem rot disease controlled by crop rotation.—Study of brown 
stem rot disease of soybeans, one of the most serious diseases of this 
crop in the Corn Belt, has shown that it can be controlled satisfactorily 
under most conditions, pending development of resistant varieties, by 
crop rotations in which soybeans do not occur more often than once in 
4 vears, 

Improved breeding methods and coordination of State and Federa! 
soybean research work are accomplishments that are paying dividends 
in the solution of many soybean breeding and production problems. 
Since the work was started, yields of soybeans 1 in the North Centra 
States, where 80 percent of the crop is produced, have increased b 
20 percent and the oil content by 10 percent. 


F. SOME ADDITIONAL WORK NEEDED 


Basic soybean genetic and breeding research—The science of ge- 
netics has made possible to a large degree the great advances to date 
in soybean improvement. Its future contribution will be more or less 
in proportion to the basic genetic information that can be applied to 
the solution of soybean breeding problems. Intensive research in this 
fundamental field is, therefore, ‘highly desirable. 

Virus diseases of soybeans.—Present investigations are confined to 
diseases caused by bacteria and fungi. Diseases caused by viruses are 
known and are becoming increasingly important. Studies of virus 
diseases require specialized fac ilities and skills. Many of the virus 
diseases are transmitted by insect vectors, adding a further complica 
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tion to the problem. Yet solution to the virus disease problems must 
be found if the future of the crop in some areas is to be protected. 

Interspecies relationships.—Soybeans is the only cultivated species 
jn a genus composed of numerous wild species. The possibilities of 
transferring important characters such as disease resistance and im- 
proved quality from some of the wild species to cultivated soybeans 
is an almost totally unexplored field. Research on this important 
problem is needed if this major farm crop is to be of maximum value 
to the farmers. 


SoyBeEAN BREEDING AND IMPROVEMENT ProGram, Unrrep STaTes 
REGIONAL SOYBEAN LABORATORY 


(BPISAE—SRF—3-3—Federal-State—SRF Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop varieties of soybeans for each production area that will 
give maximum yields of seed with a high oil content for industrial 
processing. Current work is particularly concerned with developing 
strains that are high yielding, high in oil content, that stand erect at 
harvest, are resistant to diseases, and are nonshattering under adverse 
harvesting weather. Work of a more fundamental nature on the 
genetics and physiology of the soybean plant is under way to provide 
an understanding of the effect of environment-on chemical composi- 
tion and to provide a basis for more rapid breeding of improved 
strains for industrial uses. This work is coordinated closely with re- 
search under project a-4—3 (p. 916 of this chapter) to avoid duplica- 
tion and to permit maximum progress toward obtaining the objectives. 


B. CURRENTLY ACTIVE LINE PROJECTS 


The research under this project has not yet been included under the 
line project system, but the following lines of investigation correspond 
to research line projects. 

Breeding and evaluation of improved varieties and strains of SOY"- 
beans for industrial use—To develop high seed-yielding, high oil-con- 
tent varieties that are erect and nonshattering, are well adapted in the 
soybean production areas, will give maximum returns to the farmers, 
and better fill the needs of the industrial processors. 

Research on inheritance of various characters in soybeans.—To de- 
termine the mode of inheritance of such quantitative characters as 
yield, oil content, maturity, height, and growth habit, as well as the 
more simply inherited qualitative characters, as necessary information 
for the more rapid breeding of improved strains. 

Physiological studies to investigate the environmental and internal 
factors influencing the growth and chemical composition of the soy- 
bean —To learn how varieties differ in growth and yield response to 
levels of the mineral elements and other factors of environment so 

hat this information may be used in the breeding of improved strains 

r specific conditions, and to obtain basic information on how oil 
nd protein are formed in the seed as an aid in interpreting the re- 
sponse of the crop to different environmental conditions. 

Chemical analysis of soybean materials in connection with varietal 

provement, cultural practices, and disease studies —To analyze soy- 
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bean selections for protein and oil content and other constituents as 
an essential aid in the breeding of industrially superior varieties that 
will provide a broader outlet for the crop and increase the returns to 
farmers. 

Effect of cultural practices on the yield and chemical composition 
of soybeans.—To determine the most favorable rate and date of seed- 
ing and the best cultural practices to obtain maximum yields and best 
seed quality. 

Breeding for resistance to soybean diseases.—To utilize in the breed- 
ing program the selections known to be resistant to some of the de- 
structive soybean diseases and to make an extensive search and 
evaluation of all available strains to discover further resistance as the 
most economical and practical contro] measure. 

Maintenance of germ plasm.—To collect, maintain, and evaluate 
as wide a collection of soybean types and strains as possible to serve 
as a foundation for further improvement work. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of soybean varieties for the United States was initiated 
prior to 1900 by the introduction of a large number of soybeans from 
the Orient. The first work was concerned with the agronomic evalna- 
tion of this material, and many good-yielding varieties resulted from 
the work. This research was conducted in project a—4-3 and has 
been summarized in the report of that project. In this early work 
relatively little attention was given to industrial quality. In 1936 
the United States Regional Soybean Laboratory was organized in 
cooperation with the experiment stations of the North Central region, 
and in 1942 the Southeastern States were also included. A chemical 
project was established in the laboratory, making selection for chemi- 
cal quality possible to the cooperating soybean breeders. Develop- 
ment of fundamental information on the genetics of the soybean and 
improvement in breeding techniques is permitting more rapid prog- 
ress in the work of varietal improvement. Development of methods 
for producing uniform disease epidemics in soybean selection nurs- 
eries is now making possible the breeding for resistance to soybean 
diseases. 

D. FUNDS—ANNUAL EXPENDITURES 


The annual allotment for the soybean laboratory research ranged 
from $25,000 in 1937 to $26,000 in 1941. In 1942, the program was 
expanded to include the 12 Southern States, and the analytical chem- 
istry section of the laboratory was transferred from the Bureau of 
Agricultural and Industrial Chemistry to the Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering. Since then the appro- 
priation has varied from $87,000 in 1942 to $105,800 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The rg ieay St of improved varieties with high yield and high oil 
content has been one of the major accomplishments. The variety 


Lincoln, released in 1942, is outstanding in both yield and oil content 
in comparison with the commercial strains it has replaced in the main 
soybean belt of the North Central States. In 1948 in Illinois alone, 
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Lincoln added 224,000 tons of soybean meal and 130,000,000 pounds 
of soybean oil to the national economy over what would have been 
produced by the varieties replaced by it. Since then a number of im- 
proved strains of different maturities and adapted to other areas of 
the North Central region have been developed. Among these are 
Blackhawk, Hawkeye, “Monroe, Adams, and Wabash, all of which are 
contributing to the more economical production of soybeans with a 
higher industrial value. The increased yield and lodging resistance 

of these new varieties have contributed to increased yields for farmer Sy 
while the higher oil content has better met the needs of the processors. 
In the South the breeding program has not been under way so long, 
but important results have been obtained. The variety Ogden, evalu- 
ated through the strain-testing program, has been found high i in yield 
and oil content and is now the principal variety grown in the upper 
South. Roanoke, recently released, is adapted farther south than 
Ogden and is gaining rapidly in acreage as seed becomes available. 
Pi ractically all commercial soybean production in the United States 
is from varieties developed or evaluated through the cooperative breed- 

ing work done under this project and pr oject ¢ a—4—3. 

Time of planting soybeans in the South—Cultural studies have 
shown that very early planting, which is commonly practiced in the 
South, with the older hay varieties does not produce the highest yields 
of good quality seed for commercial use. Planting the ‘commercial 
seed types around the middle of May has been found to give satisfac- 
tory plant growth, higher seed yields, and better control of weeds. 

Improvement in disease resistance —As a result of research under 
project a—4—3, it is now possible to create artificial epidemics of some 
diseases at will for the testing of new strains and varieties. Soybean 
strains resistant to the bacterial pustule disease of the leaves have 
been crossed to improve commercial types, and selections from back- 
crosses of these hybrids to the commercial-type parent with good 
agronomic appearance combined with disease resistance are now being 
tested for yield and chemical composition. This resistance to bac- 
terial pustule, as well as resistance to blight, mildew, and a few other 
diseases, gives definite encouragement to the plant breeder that further 
progress in this work is possible. 

Development and improvement in methods for breeding and evalu- 
ating soybean varieties—Methods of breeding soybeans have been 
developed or adapted, and the effect of various factors on the accurac y 
of rod row (rows 1 rod long) soybean nursery trials have been studied. 
The procedures developed are now standard practice among soybean 
breeders. Selections from promising crosses are distributed widely 
to experiment stations at an early di ate for further selec tion, and the 
best strains produced are entered in the cooperative uniform tests for 
final evaluation. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding for higher oil and protein in soybeans.— Very little is 
known of the relationship between the oil and nonoil fractions of 
the soybean seed. In general, an increase of 1 percent in oil is ac- 
companied by a decrease of more than a percent in protein content. 
An understanding of the physiology of oil formation and the rela- 
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tionships between the chemical constituents of the seed as affected by 
environment would aid in the breeding of improved varieties. Dis- 
covery of new sources of superior germ plasm and an increased know]- 
edge of the genetic relationship of the various high oil strains would 
also contribute to a more rapid advance in the breeding work. 

Acceleration in the breeding for disease resistance —Control of soy- 
bean diseases through the breeding of disease-resistant varieties ap- 
pears to be the most economical method available. Soybean types 
resistant to a few of the economically important diseases have been 
found and included in the breeding program. A more widespread 
search for types resistant to other diseases and more intensive studies 
on methods of establishing nursery epidemics and selecting for re- 
sistance would contribute much toward meeting the threat of serious 
losses, as concentration of soybean acreage increases. 


Tune Propuction, DisEAses, AND IMPROVEMENT 
(BPISAE—b-3-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine (1) the underlying basic principles governing the 
growth and fruit production of tung trees as affected by rootstocks, 
soils, fertilizers, culture, pruning, and pollination; (2) the nature of 
the injury, cause, and economical methods of controlling the diseases 
attacking the trees or fruits; (3) develop by appropriate breeding 
methods new frost-resistant, high-yielding varieties; (4) devise and 
test new and improved methods of production, and to determine the 
suitability of new varieties whereby maximum yields per acre of fruit 
of high oil content can be obtained at a minimum cost per ton. The 
current work is particularly concerned with the development of meth- 
ods of production and the development of new varieties to meet in- 
creased competition with other drying oils, and which would be better 
suited to mechanical harvesting. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-3-4-1—Tung production. To increase the yield of oil per acre, 
thereby lowering the cost of production per unit of oil, by determinin 
the best methods of harvesting, handling, storing the fruits or hullec 
nuts prior to delivery to the mill in order to conserve the quantity 
and preserve the quality of the oil. 

b-3+4+-2—Tung breeding. To develop through breeding methods 
new frost-resistant, high-yielding tung varieties and to test their suit- 
ability for commercial production on various soils; to determine 
whether budded varieties have sufficient advantages, as regards oil 
production per acre, over seedling trees grown from seed of selected 
parent trees to justify their use; to find the most desirable rootstocks 
for various tung varieties. 

b-3-4-3—Mineral nutrition of tung. To determine the mineral nu- 
tritional requirements of the tung tree and the balance or ratios of 
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the various essential elements required for optimum tree growth and 
greatest yield of fruit producing the most and best quality of oil. To 
determine the symptoms of deficiencies or excesses of a particular 
element and to learn how these conditions can be recognized and most 
easily corrected at the earliest stage of development. 

b-3—44—-Maintenance of fertility in tung soils. To determine the 
effects of various cover crops, cultivation, and fertilizer, as well as 
other management practices on the soil reaction, organic matter con- 
tent, base exchange capacity, and the relation of the degree of base 
saturation with the availability of the essential elements in the soil; 
to determine the time, frequency, and method of cultivation that 
promotes best tree growth and fruit production and facilities harvest- 
ing. 

—3—4+-5—The fertilization of tung orchards. To determine the 
fertilizer requirements of tung trees when grown on different soil 
types, and the most economical time, rate, and method of application 
to obtain optimum tree growth and highest yields of best quality. oil. 

b-3-4+-6—Control of tung diseases. To determine the symptoms 
of tung diseases, their prevalence, life history of causal organisms, 
and conditions necessary for dissemination and infection, and to 
develop the best and most economical methods of control. 

b-34-8—Testing seedling progenies of high-yielding parent 
tung trees. To find outstanding high-yielding seed trees that transmit 
their desirable characters uniformly to their seedlings, thus making 
it possible to establish orchards of seedling trees that will have high 
productivity and good uniformity. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The initiation of tung investigations dates back to July 1, 1938, 
when the first appropriation of funds became available. Little or 
nothing was known at that time as to the production requirements 
of this crop, then new to the United States. Since all orchards were 
composed of highly variable seedling trees, fully 50 percent of which 
were unproductive, an extensive selection and breeding program was 
started along with one concerned with improvements in all phases of 
production. Deficiencies due to potassium and magnesium, man- 
ganese, and copper were found that severely limited tree growth and 
fruit production. Extensive field experiments were devised to correct 
these disorders. Experience indicated that some soil types were un- 
suited to tung production ; these as well as soils thought suitable were 
studied. Comprehensive fertilizer and cultural experiments designed 
for maintaining definite sustained yields were undertaken. The devel- 
opment of fundamental information and plant materials now avail- 
able, and their application by the growers, has resulted in greatly 
increased production. During the 5 years 1939-48 the average annual 
production of tung oil was 8,692 tons, while in the following 5 years 
1944-48 the average was 48,312 tons, an increase of 514 times. ~ 
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D. FUNDS—-ANNUAL EXPENDITURES 


Annual allotments have varied from approximately $120,000 in the 
fiscal year 1939 to $141,570 in the fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New tung varieties produce heavy crops of fruit worth more per 
ton.—Six new tung varieties have been made available to growers. 
These varieties are outstanding as to vigor of tree, productiveness, 
and high oil content of the fruit. Fruit of these varieties sells for 
premium prices, and makes a substantial contribution toward the 
solution of the grower’s problem of maintaining net returns per unit 
area on a stationary or falling market, and with increases in the cost 
of production. Experience with the Isabel variety is a good example. 
Orchards grown under good conditions of soil and culture produce 
not only much more fruit per acre than seedling orchards but the 
fruit contains 22 percent or more of oil. On the basis of the high 
oil content the grower receives from $12 to $15 more per ton than 
the average for fruit from ordinary seedling orchards with lower oil 
content. 

Seedling progenies of certain varieties can replace grafted trees for 
orchard plantings—The release of the two new tung varieties, 
LaCrosse and Lampton, is having a significant effect on the future 
of the industry. Of the two, the Lampton is probably the best as it 
has the best production record among varieties or seedlings so far 
tested. The fruit has as high an oil content as any known variety. 
The seedling trees grown from first-generation seed of both these 
varieties are almost 100 percent true to the type of the parent variety. 
This makes it possible to establish orchards of first-generation seed- 
ling trees, thus doing away with the necessity and expense of growing 
grafted trees and the troubles experienced with rootstocks which are 
not completely compatible. 

Methods of hastening seed germination of great importance in 
nursery practice—The shell of the tung nut is hard and impervious 
to water. As a result germination is slow and irregular, and thus 
irregular stands of seedlings are obtained in the nursery and weed 
control is very difficult. Methods of cold storage or chemical treat- 
ments of seed have been developed that insure prompt and uniform 
germination. 

Mineral deficiencies limit tree growth and fruit production, and 
cause trees to be susceptible to cold injury.—Soon after the first tung 
orchards were established the poor growth, limited fruit production, 
and lack of cold hardiness of the trees indicated that it might not be 
possible to produce tung oil commercially in this country. Through 
chemical analysis of the leaves, controlled freezing tests of hardiness, 
and appropriate field experiments, it has been found that a great part 
of the trouble experienced earlier was due to improper mineral nutri- 
tion of the trees. Severe deficiencies in the trees of zinc, manganese, 
copper, magnesium, and potassium have been found to be largely re- 
sponsible for the unsatisfactory performance of such trees. The 
characteristic symptoms of the disorder caused by the deficiency of 
each of these elements have been determined and satisfactory methods 
of correcting them promptly are now available. 
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Method of training tung trees important.—In order to obtain maxi- 
mum yields of fruit from trees of low-heading varieties or seedlings, 
the trees should be trained to a natural head, while high-heading ones 
should be trained to the vase form. Vase-form trees have been found 
to be weak and break badly in severe storms; hence high-heading 
varieties or seedlings should be planted closer together in the orchard 
and trained to natural head in areas of frequent storm expectancy. 

Winter cover crops, plus nitrogen and potash, increase tung re- 
turns.—Long-time experiments have shown that the practice of ap- 
plying phosphorus and potassium to the soil at the time of seeding 
the winter cover crop in tung orchards produces excellent results. 
Such a practice results in optimum yields of cover crops, which are 
high in these elements; and when they are disked into the soil and 
decompose, the minerals released are taken up by the trees. This is 
shown by a marked increase in the phosphorus and potassium con- 
tent of the tung leaves and by excellent tree growth. The quantity 
of potassium required, however, for the most economical returns in 
green manure may not be adequate to maintain maximum yields and 
oil content of fruit. The very great effect of supplemental nitrogen 
applications in increasing the yield of fruit has been clearly demon- 
strated even in orchards in which winter-legume cover crops are 
grown. 

In experiments in which the basic cover crop fertilizers have been 
supplemented with both nitrogen and potassium, oil content as well 
as yield has been increased. It is estimated that the cost of the potas- 
sium applied has been returned fourfold in the increased value of 
the fruit. Since this was due almost wholly to high oil content, no 
additional harvesting costs were entailed. 

Important changes in methods of handling fruit—In cooperation 
with the Florida Agricultural Experiment Station and the BPISAE, 
machinery and methods have been developed that have changed han- 
dling operations for tung. New machinery and methods of handling 
and drying now make it possible to field hull the fruit, quickly dry 
the nuts, and store them in one-third the space, with important saving 
in costs all along the line. 


F. SOME ADDITIONAL WORK NEEDED 


Development and evaluation of the interspecies tung varieties. — 
Interspecies crosses between the tung tree (A/eurites fordii) and the 
mu-tree ow montana) have been made, but the resulting first-genera- 


tion seedling trees, are almost completely self- and cross-sterile. These 
species do not cross in nature, as the mu-tree flowers from one to two 
months later than the tung tree. Additional research is needed to 
combine the highly desirable characters of hardiness of tree and large 
easily hulled fruit of the tung tree, with the late-flowering, growth 
and high-yielding characters of the mu-tree. New varieties having 
such combination of characters could result in basic changes of major 
importance for the future of domestic tung oil production and its 
competitive position with other drying oils. 

Improvements in orchard culture to provide low-cost weed control 
and to facilitate harvesting operations—Maximum yields are ob- 
tained under a system of clean cultivation in summer, followed by a 
winter legume cover crop. Orchards are planted on contour to pre- 
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vent soil erosion, which makes it impossible to cross cultivate. Under 
such conditions weed and volunteer growth is difficult and expensive to 
control, and harvesting operations are excessively costly. Research 
looking toward new methods of weed control by chemicals, oils, ma- 
chines, or combinations of them, is needed to reduce costs and increase 
efficiency. 

Disease control.—A fruit rot prevalent in unfavorable seasons causes 
important crop losses and should be investigated. Fruits infected 
early in the season drop prematurely and contain little or no oil. If 
infected late in the season the fruit may mummify and hang on the 
tree. Such fruits may be near normal in oil content but are harvested 
with difficulty. This rot promises to be an important disease of tung 
and all attempts at control have thus far failed. 


DevELOPMENT OF A Domestic Source or Castor Ou. 


({ BPISAE—g-3-1—Federal-State—Strategic and Critical Agricultural Materials 
Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Develop more satisfactory cultural practices and machin- 
ery to make castor beans a field crop; and (2) improve varieties that 
will be better suited to specific localities and to mechanical harvesting, 
so as to meet a critical need for a strategic item, castor oil. The cur- 
rent work is particularly concerned with the development of new 
lines better adapted to growing and harvesting in the areas of pro- 
duction in the Great Plains region and in California. Crop manage- 
ment practices are being developed for the specific regions with par- 
ticular attention to planting time, crop rotation, cultivation, fertilizer 
needs, harvesting, hulling, drying, and storage requirements. In ad- 
dition, work is under way to modify farm machinery now in use and 
improve it for handling castor beans on a field-crop basis. 


B. CURRENTLY ACTIVE LINE PROJECTS 


g-3-1-1—Breeding and increasing improved lines of castor beans 
for field crops. To develop, by selection and breeding, high-yield- 
ing, disease-resistant varieties of castor beans adapted to specific local- 
ities and to mechanized harvesting methods. 

g-3-1-2—Determine and demonstrate growing practices for castor 
beans in specific localities. (1) To determine and demonstrate the 
recommended growing practices of the castor bean crop in specific 
localities with adapted varieties; (2) to acquaint farmers and com- 
munities in these localities with the crop and its possibilities; (3) to 
provide seed stocks of such varieties for acreage expansion as needed. 

g-3-1-3—Develop and improve farm uenclsthie? or facilities for 
producing and handling castor beans as a field crop. To modify ex- 
isting farm equipment and develop machinery for planting, harvest- 
ing, bars and hulling, as well as facilities for storing castor beans 
on the farm. 
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©. HISTORY AND EVOLUTION OF THIS WORK 


Because of the critical need for castor oil during World War II, an 
intensive investigation of castor-bean production in this country was 
initiated by the Department in 1941 to: (1) Determine the areas best 
suited to production ; ; (2) collect, evaluate, and increase seed supplies 
of available strains; and (3) determine the most effective cultural 
practices. After the war the work was continued on a much reduced 
basis with emphasis on selection and breeding of varieties adapted 
to specific conditions of growth. In 1949, wpon the recommendation 
of the Munitions Board of the Department of Defense, the work on 

castor beans was expanded to a regional program for testing and im- 
proving varieties adapted to local conditions and for developing crop 
h andling methods to place castor beans on a crop basis in this country. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Funds were first made available for this work in fiscal year 1950 
in the amount of $34,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a regional program for castor bean research—A 
regional program for castor-bean research has been organized, with 
most of the present work being carried on in the marginal Cotton and 
Corn Belt region of the Great Plains and the irrigated valleys of 
southern California, the two most promising areas “for production. 
Nursery-plot demonstration plantings for testing the performance of 
established lines have been made in these areas, and all of the known 
strains and breeding material of castor beans have been assembled for 
use in the breeding and agronomic program. Improved types of cas- 
tor bean harvesters have been deve joped for field testing. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of castor bean acreage and establishment of the crop in 
new areas will be contingent upon the development of new varieties 
better adapted to growing and mechanical harvesting in the specific 
areas of production. A large volume of castor oil is required for our 
industrial needs, and the acreage required to fill this need would ex- 
tend into many agricultural areas with diversified soils, crops, and 
farming systems. Castor beans have entered the introductory crop 
stage in our agriculture without the benefit of years of selection and 
crop dev elopment that have been necessary to bring corn, cotton, soy- 
beans, and the small grains to their present position of importance 
to the American farmer. ' Before castor beans can meet and maintain 
the requirements necessary for large acreage production of an annual 
crop over wide areas, extensive cultural and reeding work will have 
to be done on a basis comparable to other crops. Special attention 
must be given to field performance for yield, disease resistance, and 
adaptation to mechanical harvesting. Some of the special characters 
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that must be bred into single varieties to make them adapted to ma- 
chine harvesting are early flowering, dwarfness, slender stalks, favor- 
able position of the fruiting spikes, nonshattering capsules, and other 
characters that make feasible the use of modified combines or special 
stripper-harvesters. 


Cross REFERENCES—PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—SFR-2-115, Chapter 24, competitive position of leading oil crops in United 
States. 

BEPQ—I-e-8, Chapter 31, white fringed beetle investigations. 

BE?Q—White fringed beetle control, Chapter 35. 

BEPQ—I-m-3, Chapter 31, insecticide residues. 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, toxicological effects of 
insecticides, fungicides, and herbicides. 

BPISAE—b-9-1, Chapter 18, special oilseed crop investigations. 

BPISAE—b-11-2, Chapter 38, introduction and evaluation of flaxseed and soy- 
beans. 

BPISAE—b-11-38, Chapter 18, introduction and evaluation of specialty crops, 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—d-1-3, Chapter 22, soybean growing under irrigation. 

BPISAE—e-1-4, Chapter 30, specialized crop production and harvesting 
machinery. 

BPISAE—q-2-2, Chapter 38, plant disease survey. 

BPISAE—SRF-3-10, Chapter 22, relation of soils to nutritional content of soy- 
bean forage. 

BPISAE—RM.: b—48, Chapter 31, research on nematodes. 

BPISAE, BEPQ—RM: b-68, Chapter 30, equipment and companion formulation 
for insecticides and fungicides. 

BPISAE—RM: b-111, Chapter 38, introduction and testing of new plants. 
(See also the first section of chap. 10 for work relating to the production of 

cottonseed. ) 


B. UTILIZATION 


Urmization INvesTiGATioNs oF PrEanuts AND Orner OrLseeps 
(Excerr Corronsrep) or THE SournerRN Region? 


(BAIC—RRL-2-5—Federal-State—Regular Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and extended markets and outlets for peanuts and 
other southern oilseeds (except cottonseed), and their derived prod- 
ucts. The current work is particularly concerned with studies of the 
oilseeds themselves and with the chemical, physical, and biological 
properties, characteristics and reactions of the major and minor consti- 
tuents of peanuts, sesame, safflower, okraseed, cucurbit (wild gourd) 
seed, rice bran, flaxseed, and other southern oilseed crops, especially 
those of potential value as alternatives to cottonseed. These investiga- 
tions are designed to provide information on: Improvements in stor- 
age, processing, and utilization of crops; improvements in the pro- 

1A commodity project of one of the regional research laboratories administered by the 


Bureau of Agricultural and Industrial Chemistry. Under sec. E of this pet. currently 
active line projects are grouped under their parent research projects, which correspond 


approximately in scope to the regular work projects of other bureaus of the Department. 
Likewise, under secs. D and BE, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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cessing of oils, meals, and other commercial products of the crops; addi- 
tional } processing studies and engineering investigations to dev elop new 
and improved products and uses and new and improved processing 
techniques of commercial value. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-2-(5)-0-1—Flavor and odor stability of pea- 
nut oil and derived products 

RRL-2-(5)-0-1-1—Improvement in the flavor, odor, keeping qual- 
ity, and other properties of peanut oil. To determine the cause of, 
and the products responsible for, the development. of rancidity and 
other forms of deterioration in peanut oil and its derived produets, and 
to develop methods of increasing the flavor and odor stability of this 
oil and edible products such as salad and cooking oils, shortenings, 
margarines, etc., made from it and of consumer goods, such as potato 
chips, fried nuts, doughnuts, prepared dough mixes, etc., prepared 
therefrom. 


Research project RRL-2-(5)-0-2—Processing and utilization investi- 
gations of peanut and other southern oils (except cottonseed oil) 
RRL-2—(5)—0-2-1—Modification of peanut oil to improve its useful- 
ness in industrial applications. To produce from peanut oil, through 
the application of existing or new methods of processing, new or im- 
proved fat products, including “tailor-made” fats capable of serving 
as replacements for imported fats and oils (olive oil, sesame oil, ete.) 
and to improve existing methods or devise new methods of processing 
to improve the yield and quality of finished products and reduce their 
cost. 

RRL-2-(5)-0-2-2——Investigation of the physical and chemical 
properties of peanut oil and its derivatives. To measure quantitatively 
those physical properties (expansion, contraction, and changes in 
crystal structure) of peanut oil and its derivatives that are important 
and useful in processing and utilizing these products, and to apply 
this knowledge in separating peanut oil into components having more 
diversified uses than the Aer oil. 


Research project RRL-2-(5)-0-38—Chemistry and utilization inves- 
tigations on peanut a other southern oils and oilseeds (exc pt 
cottonseed ) 


RRL-2-(5)-0-3-1—Composition of peanut oils and byproducts as 
a function of their industrial utility. To determine the types and 
amounts of fatty acids which are produced in peanut oil by selective 
hydrogenation (hardening) to yield fats (shortening, margarine oil, 
confectioner’s f: ats, etc.) of different degrees of hardness. 

RRL-2-(5)-0-3-2—Preparation of derivatives from the fatty acid 
and glyceride components of peanut oil. To prepare pure esters, 
mono-, di-, and tri-glycerides, and other compounds from peanut oil 
fatty acids and to evaluate them with respect to such properties and 
applications as are of use in the development of new market outlets 
for this oil. 

RRL-2-(5)-0-3-3—Composition and utilization of sesame oil. To 
dieing a composition and properties of sesame oil and particu- 
larly the identity and amounts of the minor components which are 
responsible for the unusual antioxidant activity, pyrethrin insecticide 
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activation, and physiological reactions of this oil in order to extend 
the utilization of sesame oil and its derived products. 

RRL-2-(5)-0-3-4—Composition and utilization of cucurbit seed 
oils. To determine the composition and properties of cucurbit (wild 
gourd) seed oils and evaluate their utility in edible and other products. 
Certain species of these gourds are being investigated by several State 
experiment stations and private research organizations for planting 
in dry-land areas of the Southwest. 


Research project RRL-2-(5)—PC-1—Chemical, technological, and 
utilization investigations on meals and proteins of peanuts 

RRL-2-(5)—PC-1-1—Production and utilization of fibers from 
peanut protein. To produce continuous and staple length fibers or 
yarns from peanut protein and to evaluate textiles made from such 
fibers. To modify the proteins to produce fibers of adequate wet 
strength. 

RRL-2-(5)—PC-1-2—TIsolation and characterization of the pro- 
teins and other nonoil constituents of peanuts and derived products. 
To isolate and determine useful properties of new protein components 
and other nonoil materials from peanuts. To develop new uses and 
applications for peanut meals, flours, and protein, based on the frac- 
tionation of the peanut components. 

RRL-2-(5)-PC-1-38—Utilization of peanut meals and proteins for 
tire cord dips. To develop adhesives from peanut meals and proteins 
suitable for commercial use in bonding tire cord to the rubber of the 
tire carcass. 


Research project RRL-2-(5)-PC-2—Investigation and control of bio- 
logical factors causing heating and deterioration of peanuts and 
other southern oilseeds (except cottonseed) 

RRL-2-(5)—PC-2-2—Control of the enzyme systems in southwest- 
ern rice to prevent deterioration during storage. To investigate and 
develop methods of controlling the biological activity in rough rice so 
as to prevent or retard its deterioration and formation of free fatty 
acids in the bran during handling, storage, and processing. Storage 
experiments are conducted under informal memoranda of understand- 
ing with the State Agricultural Experiment Stations of Louisiana and 
Texas. 

RRL-2-(5)—PC-2-3—Biological factors causing heating and dete- 
rioration of southern-grown flaxseed during storage. To investigate 
and control biological activity in southern-grown flaxseed to prevent 
or retard heating and deterioration during storage. Commercial stor- 
age research is conducted under memorandum of understanding with 
an oilseed processor. 


Research project RRL-2-(5)-E-3—Peanut and other southern oilseed 
(except cottonseed) products processing investigations 
RRL-2-(5)-—E-3-1—Pilot-plant preparation of peanuts and other 
southern oilseeds (except cottonseed). To determine on a pilot-plant 
scale the best conditions for cleaning, hulling, rolling, cracking, flak- 
ing, and otherwise preparing peanuts and other southern oilseeds 
(except cottonseed) prior to processing into oil and meal. 
RRL-2-(5)—E-3-2—Improved solvent extraction process for pea- 
nuts and other oilseeds. ‘To determine on pilot-plant scale the opti- 
mum conditions for the continuous extraction of peanuts and other 
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oilseeds with petroleum hydrocarbon solvents to obtain the highest 
yield and quality of oil and meal products. Research under aap 
ect is conducted under memorandum of understanding with an oilseed 
processor. 

RRL-2-(5)—E-3-3—New oil products by low-temperature solvent 
process. To develop on a pilot-plant scale a commercially feasible 
solvent process for separating peanut and other southern oils (except 
cottonseed ) into two or more portions of greater utility than the orig- 
inal oil by partial freezing and separating by filtration of one or more 
of the solidified portions present in the original oil. 

RRL-2—(5)—E-3-4—Recovery of protein from peanut and other 
oilseed meals. To develop on pilot-plant scale practical processes for 
separating protein from peanuts and other southern oilseed (except 
cottonseed) meals and to obtain quantities of protein, extracted meal, 
and whey for further research and commercial evaluation. 

RRL-2-—(5)-E-3-5—Pilot-plant processing of peanut and other oils 
and derived products. To develop on a pilot-plant scale improved 
methods of refining, bleaching, hydrogenating, deodorizing, and other 
forms of processing peanut and other oils to produce special, more 
useful or more valuable products. 


Research project RRL-2-(5)-E-5—Engineering services essential to 
the research program on peanuts and other southern oilseed crops 
(except cottonseed) 

RRL-2-(5)—E-5-1—General engineering services. To provide 
general engineering services in support of other line projects on pea- 
nuts and other southern oilseed crops (except cottonseed), as follows: 
To design structures and supports for equipment; to design, purchase, 
and supervise installation of equipment used in other lines of work; 
to maintain and supply up-to-date information on processing equip- 
ment; to supply engineering advice regarding equipment, processing, 
electrical and structural codes, etc. 

Research project RRL-2-(5)-—A-4—Analytical, physical chemical, 
and physteal investigations of peanuts and other oilseed crops 

RRL-2-(5)-A-4-3—Analytical, physical chemical, and physical 
investigations of peanuts, and other oilseed crops, and their byproducts 
and derived oe To provide analytical services and specialized 
physical evaluations; to improve and develop evaluation methods; and 
to obtain data on composition and physical properties as needed to 
further the progress on other line projects devoted to the utilization 
of peanuts and other southern oilseed crops (except cottonseed). 

RRL-2-(5)-—A-4-10—Solubility of peanut oil in organic solvents. 
To investigate the solubility relations of mixtures of peanut oil and 
solvents at reduced temperatures to provide basic data on methods for 
removing solid fats from peanut oil, and thus produce salad oils which 
remain completely liquid in a household refrigerator. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The composition, iter daar and characteristics of the various oils 


covered by this commodity project were determined by methods then 
available, as follows: (1) Peanut oil 1920-1923; (2) okraseed oil 1920: 
(3) sesame seed oil 1924; (4) rice bran oil 1926; (5) safflower seed oil 
1929; (6) flaxseed (linseed) 0111941. During the period 1916 to 1940 
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various investigations were conducted on the protein of peanut meal, 
its amino acid composition and nutritive value of meal and protein. 
Since the establishment of this commodity project in 1941 utilization 
research on peanuts has been directed toward improved storage, 
processing for oil and meal, utilization of oil and derived products for 
edible and industrial purposes, and the utilization of meal and protein 
for industrial purposes. Since about 1942 a variety of processed pea- 
nut oils has been subjected to detailed investigations which have re- 
sulted in a thorough knowledge of this oil with the exception of a few 
of its minor components making up less than 0.5 percent of the entire 
oil. Work on the stability of peanut oil was first undertaken in 1942 
simultaneously with similar work on cottonseed oil. Because of the 
superior keeping quality (shelf life) of peanut oil compared to cotton- 
seed oil the former has received considerably less attention than the 
latter. During World War II research was directed toward the 
development of substitutes for imported oils (olive and sesame) for 
use in the textile and pharmaceutical industries, and toward increas- 
ing the efficiency and yields of existing processing methods. In 1948 
the scope of the commodity project was extended to include research 
on oils from sesame, safflower seed, okraseed, cucurbit seed, and rice 
bran. Most of the work on these oils was done by foreign trainees at 
little expense to the Department. With the long-time tendency to 
reduce the acreage of cotton, the production and processing of new 
oilseed crops in the South will probably increase and research on them 
will become more significant. In 1948 research was also initiated on 
improving the storage of southern-grown flaxseed and rice. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1916 to 1941 estimated expenditures were $5,000 per year. 
Between 1941 and 1947, when the project was limited to work on pea- 
nuts, expenditures ranged from $18,000 to $69,000, with an average 
of $51,000. The project was broadened in 1948 to include work on 
other oilseed crops of the South. During 1948, 1949, and 1950, the 
annual expenditures averaged $121,000. The amount for 1950, 
$118,000, was apportioned among the different research projects as 
follows: 0-1, $10,300; 0-2, $15,400; 0-8, $8,500; PC-1, $14,400; PC-2., 
$14,500; E-3, $36,000; E-5, $3,500; A—4, $15,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-2-(5)-0-1 

Stability of peanut oil—Peanut oil and peanut oil products have 
been shown to possess superior shelf life or resistance to rancidity 
compared to other domestic edible oils and to possess good stability 
to heat (high smoke and flash points). The superior shelf life was 
shown to be due to the presence of nearly optimum amounts of a 
natural antioxidant (vitamin E), and the good heat stability to the 
lesser tendency to form free fatty acids (decompose) at high tempera- 
tures. Concentrates of the natural antioxidant from peanut oil have 
been shown to provide increased stability when added to other less 
stable oils, while the addition of other antioxidants (natural or syn- 
thetic) to peanut oil generally have little favorable effect and often 
result in a reduction in its normal stability. 





Resea 
Ne 


liquic 
by co 
the sc 
By a 
an oO 
synth 
wool 
durin 

Fre 
oils ¢ 
(oleic 
tincti 
variet 
espec: 
fied f 
and fi 


Resea 


Coi 
oil hy 
invest 
(keer 
antio: 
into f 

Coi 
sesam 
comp 
and a 
play | 
unust 
wides 
conce 
pyret 
with » 
Resec 

Ina 
for d 
soluti 
ence « 
preps 
A pre 
solve} 
ering 
to the 

Pe 
peam 
deter 
ing c¢ 
glues 
ture 1 
ina 





OILSEEDS AND PEANUTS, EXCLUDING COTTONSEED 933 


Research project RRL-2-(5)-0-2 

New fat products from peanut oil—A salad oil that will remain 
liquid in a household refrigerator was prepared on a laboratory scale 
by cooling peanut oil dissolved in a solvent (hydrocarbon), separating 
the solid portion by filtration, and recovering the oil by distillation. 
By application of this method to a partially hydrogenated peanut oil 
an olive oil substitute was obtained. During World War II the 
synthetic olive oil was shown in commercial tests to be an acceptable 
wool lubricant. However, due to the system of allocation in force 
during the war, edible oils could not be diverted to industrial uses. 

Fractionation of peanut oil fatty acids.—Peanut and other vegetable 
oils consist largely of glycerine combined with various fatty acids 
(oleic, stearic, linoleic, arachidic, etc.) which give the oils their dis- 
tinctive properties. Peanut oil fatty acids were shown to have a 
variety of applications in the production of useful chemical materials, 
especially after they have been separated into several partially puri- 
fied fractions. This separation has been accomplished by freezing 
and filtering off portions from solution in certain organic solvents. 
Research project RRL-@-(5)-0-3 

Composition of peanut oil——The fatty acid composition of peanut 
oil hydrogenated to varying degrees of hardness has been thoroughly 
investigated to correlate the change in composition with the stability 
(keeping quality) of the products. The type and amounts of natural 
antioxidant (vitamin E) in peanut oil at various stages of processing 
into finished fats have been established. 

Composition of sesame oil—A comprehensive investigation of 
sesame oil has resulted in a thorough knowledge of the fatty acid 
composition of the unhydrogenated and hydrogenated oil, the nature 
and amounts of the minor constituents, and the role which the latter 
play in the remarkable stability and physiological properties of this 
unusual oil. The excellent stability of this oil is responsible for its 
widespread use as a carrier for oil-soluble medicinals. Sesame oil and 
concentrates of sesamin obtained from this oil are used in commercial 
pyrethrin insecticides to increase manyfold the killing effect obtained 
with pyrethrin alone. 

Research project RRL-2-(5) PC-1 

Industrially usable peanut meal and protein solutions—Methods 
for determining the physical properties of peanut protein aqueous 
solutions have been developed. Data have been obtained on the influ- 
ence of method of production of meal and protein and conditions for 
preparing protein solutions, on their suitability for use as adhesives. 
A practical process was developed for separating peanut pretein from 
solvent-extracted peanut meal. The optimum conditions for recov- 
ering the protein from the meal were determined. A patent assigned 
to the Secretary of Agriculture has been obtained on the process. 

Peanut meal plywood glues.—The effect of conditions of processing 
peanuts upon the value of the meal for use in plywood glues has been 
determined, and specifications have been developed for these process- 
ing conditions that will yield a peanut meal suitable for use in plywood 


glues. Plant-scale formulas and details for preparing the glue mix- 
ture were developed, and a plywood gluing operation was carried out 
in a commercial plywood plant. This development has furnished a 
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stimulus for the establishment of a commercial plant to produce a 
solvent-extracted meal for such use. 

Peanut protein fiber—A man-made fiber named “Sarelon” was 
developed from peanut protein in work carried to a pilot-plant scale. 
Sarelon is a light cream-colored fiber with a soft, pleasant “hand” 
intermediate between that of silk and wool. It has a warm feel, 
absorbs moisture in a manner similar to wool, and does not shrink 
appreciably in hot water. It dyes readily with wool dyes and with 
certain cotton dyes. Several concerns in the United States have pro- 
duced the fiber on a pilot-plant scale with the help of information 
obtained in this research. Large-scale production of this fiber in 
the United States is dependent upon the availability of an adequate 
supply of solvent-extracted peanut meal. 

Sizes and adhesives from peanut meal and protein.—Peanut protein 
was found to be a suitable binder between clay and raw pore stock. 
Evaluations by industrial firms showed that these coated papers are 
satisfactory for most printing operations. A permanent sizing ma- 
terial for use in the manufacture of window shades was made, using 
peanut protein as the sizing agent. Plant-scale trials have shown 
that gummed tape with good adhesive strength can be manufactured 
with peanut protein glues made with the recommended formulas. 

Removal of coloring matter from the skins of peanuts —The major 
obstacle to the production of light-colored peanut protein for indus- 
trial utilization was solved by the development of a simple and inex- 
pensive means of removing the color in the red skins prior to processing 
the kernels into oil and meal. The decolorizing step consists of 
dipping the whole kernels in dilute lye, washing, and drying; a light- 
colored protein can be obtained from the meal when this step is 
included in the processing operation. A patent assigned to the Secre- 
tary of Agriculture has been obtained on the decolorizing process. 
Research project RRI-2-(5)-PC-2 

Hygroscopic equilibria of peanuts, rice, and component parts.— 
Moisture content in equilibrium with air of constant relative humidity 
has been determined for peanuts and rice, and their component parts. 
The determinations were made over the range 11 to 93 percent alnaive 
humidity, at a temperature of 77° F. This information has made 
possible improved practice in commercial storage and milling by 
permitting operators to reduce storage and milling losses, by taking 
maximum advantage of prevailing atmospheric temperatures and 
relative humidities. 

Effect of time of harvest of Texas-qrown flaxseed.—It has been 
established that the rate of deterioration and heating of flaxseed 
increases as the harvest season advances. This information is valuable 
to processors and growers because it emphasizes that flaxseed is not 
a uniform material throughout the harvest season. Hence the proc- 
essor will be able to decide which lots to process first and thus minimize 
his storage losses. 

Behavior of Texas-grown flaxseed in commercial storage.—A series 
of mill-scale storage experiments using 20-40 ton lots of seed demon- 
strated that the rise of temperature in the stored seed and the rate 
of deterioration of the oil in the seed are dependent not only on the 
initial moisture content, but also on the initial free-fatty-acid content 
of the oil. A reduction in moisture content by sustained aeration 
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greatly minimized the rise of free fatty acids in the seeds. These 
results have provided millers with accurate information on the be- 


havior of flaxseed in storage, and have enabled better planning of 
their purchasing and processing operations. 


Research project RRL-2-(5)-—E-3 


Oil-processing pilot plant—An oil-processing pilot plant has been 
installed for refining, bleaching, deodorizing, hydrogenating (harden- 
ing), fat-splitting, and otherwise reacting peanut and other southern 
oils (except cottonseed) in approximately 55-gallon lots. The plant is 
used to process oils of different types in quantities sufficient for further 
research and development investigations, and for practical evaluation 
in industrial applications. 

Solvent extraction of peanuts.—An industrial firm has constructed 
and placed in operation a semicommercial plant for continuous solvent 
extraction of peanuts. Technical information furnished to the com- 
pany was used directly in the design of equipment, selection of condi- 
tions for preparation and extraction of the flaked kernels, solvent 
removal, and production of high-quality oil and meal. 

Steam stripping of rice bran oil—The high free-fatty-acid content 
of rice bran oil as produced commercially is responsible for exceed- 
ingly high colning th osses. It was demonstrated on a pilot- plant scale 
that these losses may be substantially reduced by steam stripping of 
the oil prior to refining. The process is being ‘considered for com- 
mercial adoption by a producer of rice bran oil and other rice products. 

Protein production pilot plant.—A pilot plant was designed and 
erected to produce protein from peanut meal in quantities for further 
research and development work. This plant has been operated to 
produce protein products which were furnished to industry and re- 
search organizations for evaluation in food and nonedible uses. 

Production of light-colored peanut protein products.—The lye-dip- 
ping process for removing the red hin color of peanuts described 
under research project PC-1 above, was expanded to a pilot-plant 
scale. Several thousand pounds of peanuts were lye-treated and sol- 
vent extracted, and the resultant meal was used to produce light-col- 
ored protein products. Evaluation by potential users showed that 
these products are satisfactory for making fibers, sizes, and coatings. 
A second process in which most of the skins are removed by water- 
dipping, drying, and mechanical blanching was developed and applied 
to the pilot- -plant production of a light-colored meal and protein. The 
products of this latter process were : shown to have special applications 


in food uses by commercial evaluation, where the presence of the skin 
is objectionable. 


Research project RRL-2-(5)-E-S 


Miscellaneous engineering services.—The major portion of the work 
on this project has consisted of providing engineering services of 
routine or specialized nature contributing to ‘accomplishments reported 


under other projects. Three specific services rendered were: (1) 


Design of interior structures and supports for laboratory and pilot- 
plant research on peanuts; (2) maintenance of a comprehensive catalog 
file of products, equipment, etc., or about 2,500 manufacturers whic h 
are referred to daily; and (3) procurement and installation of exhaust 
fans to ventilate the area in which flammable solvents are handled in 
research on solvent extraction of peanuts. 








936 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Solvent extracted oils and meals for research purposes.—All-purpose 
solvent extraction equipment was erected and operated to process 100- 
pound batches of peanuts and other oilseeds to obtain oil and meal for 
research investigations. Specific objectives of some experiments were : 
(1) To extract peanuts treated in different ways to remove skin color; 
(2) to extract peanuts of different varieties and histories; (3) to 
provide materials not otherwise readily available, such as oils and 
meals from okra seed, rice bran, cucurbit seed, sesame seed, and saf- 
flower seed; and (4) to compare the performance of different solvents 
for removing oil and to determine the effect of type of solvent on the 
quality of the products. 

Research project RRL-@-(5)-A-4 

The major portion of the work of this project has consisted of 
chemical and physical evaluation and testing services of routine or 
specialized nature, which have contributed materially to accomplish- 
ments reported under other research projects. 

Analysis of market grades of farmers’ stock peanuts.—Chemical 
analysis of peanut kernels with relation to United States standards 
for farmers’ stock peanuts showed that comparatively small differ- 
ences existed in the composition of each of the Spanish, Runner, and 
Virginia types of peanuts. This information justified the purchase 
of farmers’ stock peanuts, especially those procured as oilseed stocks, 
on the basis of the pounds of sound mature kernels per ton—a simple 
and rapid test that can be performed by a nontechnical person. 

Determination of moisture in peanuts—Improved specifications 
have been developed for the oven-loss-in-weight methods for the deter- 
mination of moisture in peanut kernels and in the kernels ground for 
the determination of oil, protein, and other constituents. They have 
been adopted as official by the American Oil Chemists’ Society and 
specified by the chemists’ committee for the analysis of peanuts pur- 
chased by the Commodity Credit Corporation. ‘The moisture of the 
sample as drawn is determined on the whole kernel, avoiding any 
change which may occur during grinding preparatory to analysis. 

Storage of peanuts.—It has been shown that peanuts can be pre- 
served for several years with little or no change in chemical composi- 
tion and germination when stored in sealed containers at temperatures 
below 34° F. and at moisture contents of 8.3 percent or lower. Such 
storage is satisfactory for preserving research samples, and may be 
practical for commercial storage of shelled peanuts. 

Viscosity and density on peanut oil_—Basic data have been obtained 
on viscosity (fluidity) and density (weight per unit volume) of peanut 
oil, alone and in solution with solvents, pertinent to engineering design 
of processing plants and production control. They include data for 
hydrogenated oils hardened to higher melting points and for solvent 
peanut-oil mixtures over practical ranges of temperatures. 

Diffusion of oil from peanuts during solvent extraction.—Oil was 
extracted from thin slices of peanut kernels in such a manner as to test 
the applicability of current cheories on diffusion. The data show that 
the rate at which the oil diffuses out from the interior of the peanut 
flakes depends upon the moisture content and upon the solvent used 
and that it is possible to calculate the effect of the thickness of the 
flakes. The results have important applications in the solvent extrac- 
tion of peanuts for oil. 
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Physical-chemical data applicable to peanut salad oil process.— 
Data have been obtained on the proportions of solid and liquid mate- 
rial in peanut oil dissolved solvents at low temperatures. This infor- 
mation will serve as a guide for pilot plant research on solvent “winter- 
ization”—a process for m: aking salad oils that will not solidify in a 
household refrigerator. 


F. SOME ADDITIONAL WORK NEEDED 


New processing methods for peanut oil—Normal processing meth- 
ods applied to peanut oil are identical with those used for other vege- 

table oils, despite the fact that crude peanut oil as produced in the 
t nited States is a relatively pure product. Processing methods 
employed with this oil can no doubt be modified to reduce the number 
of steps and, therefore, the cost of these operations. Several methods. 
such as removing free fatty acids and other impurities from peanut oil 
with superheated steam under vacuum, would appear to be entirely 
practical, at least, with the better grades of crude peanut oil, and this 
process should be investigated. 

Sesame oil—Research to date has indicated that sesame oil possesses 
many unusual properties not found in any domestic oil. It has 
extremely high stability (keeping quality) especially after hardening 
to produce plastic fats. This stability has been shown to result from 
the presence in sesame of an unusual compound (sesamol), heretofore 
unknown in any edible oil. Sesame also contains a compound (sesa- 
min) which possesses a marked ability to increase the potency of 
pyrethrin insecticides. Sesame oil also contains other components 
which apparently exert unusual physiological activity. These should 
be recovered and subjected to thorough investigation with respect to 
potential value for pharmaceutical and other specialty uses. 

Determination of the mechanism of protein adhesion.—The nature 
of adhesion of vegetable proteins to plywood and other laminated 
materials should be determined in order to take full advantage of pro- 
tein materials as adhesives. Such research involves general problems 
applicable not only to peanut, but also to cottonseed and other proteins. 

Work on fundamental properties of peanut proteins.—The ultimate 
value of peanut meal and protein in industrial utilization will depend 
on being able to take greatest advantage of the properties which are 
peculiar to the peanut protein and would permit development of new 
outlets for it. Additional fundamental information is required about 
the peanut proteins and their fractionation into individual compo- 
nents. Analyses of the protein components should be made by special 
techniques (electrophoresis, ultracentrifuge, etc.) to obtain funda- 
mental data for the guidance of applied research. 

Application of heat in seed treatments preparatory to storage— 
Earlier investigators did not have available modern heat-processing 
ee to study the use of heat alone or in combination with chem- 

cals to prevent seed deterioration during storage. The effect of dif- 
fe ‘rent methods of applying heat to rice and peanuts on viability, for- 
mation of free fatty acids, microbial populations, quality of the refined 
oil, and milling properties, should be investigated to improve present 
methods of handling these materials. 

Nature of enzyme activity in seeds —Work should be undertaken to 
determine the nature of the enzyme systems in seed, particularly those 
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which appear to be active in initiating and accelerating seed deteriora- 
tion. The status of these enzyme systems in the seed at different 
stages of maturity, for different kinds and degrees of damage, for 
different intervals of storage, and for different storage conditions, 
should be known. This information would aid in development of 
rapid methods for characterizing the condition of seed and would be 
of great value to the grower and processor. Information should be 
obtained on the enzyme systems which are responsible for the rise of 
free fatty acids, and the development of undesirable odors and colors 
in oil products, as well as how the systems act, the factors responsible 
for their action, and how to block their activity. Only with such 
knowledge will it be possible to devise adequate procedures for their 
control and prevention of storage losses. 

New and extended food and feed uses for peanut meal and protein.— 
Peanut meal is used in feeds for domestic animals. Although consid- 
erable work has been done on the nutritive value of oil-free peanut 
meal, no attention has been given to the effect of conditions of process- 
ing the peanuts for oil on the nutritive value of the meal. Work 
should be done to relate conditions of processing to the value of peanut 
meal and protein for foods and feeds, so as to derive maximum nutri- 
tive value from the peanut products. This work would contribute to 
alleviating the shortage of protein foods and feeds. 


QuaALiry IMPROVEMENT OF PEaANut Propuctrs anp New USEs FoR 
Peanor On 


(BAIC—RM: a 124—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality of peanut products through improved meth- 
ods of processing and through determination of the effects of process- 
ing conditions on the properties of peanut products. The current 
work is particularly concerned with the development of new and 
‘inproved aatiende of processing peanuts and peanut oil to improve 
the quality of consumer products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—124-1—Development of improved peanut butter. To de- 
velop improved and more acceptable peanut butters through better 
methods of processing and through the application of chemical and 
physical treatments. 

M : a—124-2—Pilot-plant study of the “winterization” of peanut oil 
(removal of components that separate in peanut oils at low tempera- 
tures). To investigate on a vildpimede scale the use of centrifugal 
equipment to remove components that separate in peanut oil at low 
temperatures, with a view to permitting use of the modified peanut 
oil in salad dressing and mayonnaise. 

RM: a-124-3—Development of improved dry- and oil-roasted pea- 
nuts. To develop improved and more acceptable dry- and oil-roasted 
peanuts through the application of better methods of processing or by 
various chemical and physical treatments. , 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Commercial production of various peanut products was begun about 
1900, and in general, the domestic utilization of peanuts has been one 
of steady growth to the present volume of about 800,000,000 pounds 
annually. About 70 percent of this amount is used directly in the 
production of edible products, and about half of the 70 percent is 
peanut butter. Some of the edible peanut products have undesirable 
characteristics because they are prepared by inadequate processes. 
Although some firms have conducted research on — of produc- 
tion and quality improvement of specific end products, no great bene- 
fit to the farmer, processor, or consumer has resulted from these efforts. 
No work was conducted in the Bureau on the problems of improving 
peanut butter and roasted peanuts prior to the initiation of this 
project in 1948 under authority of the Research and a ae Act. 
Some work was done on winterization of peanut oil, but by a different 


method. 
D, FUNDS—-ANNUAL EXPENDITURES 


Expenditures for the fiscal years 1948, 1949, and 1950 have been 
§26.937, $41,350, and $51,006, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Improvement of peanut-butter quality—It has been known for 
some time that a stabilizer (hardened peanut oil) can be used to pre- 
vent the undesirable separation of the oil from the solid meal in 
peanut butter. In some lots of peanut butter, however, oil separates 


despite the or of a stabilizer. Study of this behavior showed 


that the stabilizer works most effectively when the temperature at 
which it is incorporated is not much higher than its melting point. 
This information makes it possible to use the stabilizer in such a way as 
to get a uniformly better product. Additional information of value 
in controlling the quality of peanut butter and gaging the efficiency of 
specific operations has been obtained including information on the 
effects of roasting and other processing steps on the oil content of the 
peanuts, the oil content of the separated skins, and the relative amounts 


of peanut halves, germs, and skins resulting from the blanching 
operation. 


F, SOME ADDITIONAL WORK NEEDED 


While expansion in domestic farm production of peanuts over the 
past 50 years has been roughly sixfold, no utilization research program 
of proportional magnitude has accompanied this production. Con- 
sequently consumption has been confined to a few recognized end 
products, whereas an adequate research program could and should 
lead to more diverse products, as well as improvement in the quality 
of present peanut products. 

Peanut butter—Additional research on peanut butters is of the 
utmost importance to the solution of problems of peanut utilization. 
For example, the development of peanut butters having lower fat 
content might make it possible to reduce the requirement for added 
stabilizing substances and thereby get a product having an increased 
protein content. 
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Roasted peanuts.—Frequently roasted peanuts acquire a disagree- 
able flavor from the oil in which they are roasted, from rancidification 
of their own oil, or simply from becoming stale. This tendency and 
the transfer of oil and salt to the hands of the consumer are among 
the principal objections to roasted peanuts as a snack food. The 
aivehogahiaat of means for preventing these undesirable characteristics 
should result in wider consumer acceptance. 


UriizaTION INVESTIGATIONS ON SOYBEANS AND OrHer OILSEEDS OF THE 
NortTHErRN Recion ! 


(BAIC—RRL-5-S—Federal-State—Regular Funds) 
(Cooperation with private organizations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new scientific, chemical, and technical uses and new 
outlets of ae and their constituents. New processing methods 
are being worked out to improve the edible qualities of soybean and 
other vegetable oils, with special attention to the “reverted flavor” of 
soybean oil. Processing methods for improving the color, taste, and 
other edible qualities of soybean protein products are being developed. 
Domestic vegetable oils are being chemically modified to improve 
drying characteristics for use in paints and varnishes. The oils are 
being combined with resins and other chemicals to improve their use 
in protective coatings and plastics. The oils are also separated into 
various components by partial solution in selective solvents. The 
resulting paints, varnishes, and protective coatings are applied to test 
panels and are evaluated. New chemicals for improving the fiavor of 
soybean oil are being sought. Improved methods for analyzing these 
oils, especially by physical means, such as distillation and spectral 
analysis, as well as studies on evaluating the oils for commercial edible 
use by laboratory tests, are in progress. Methods for isolating pro- 
teins from oilseeds are under development. The use of Siaed pro- 
teins for adhesives, paper coatings, and various food products is being 
studied. Basic investigations of the chemical reactions of individual 
amino acids in the proteins are being made and uses of these new 
compounds sought. ‘This work is conducted in cooperation with State 
agricultural experiment stations of the North Central area and with 
the Bureau of Plant Industry, Soils, and Agricultural Engineering 
under formal memoranda of understanding. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-5-(8)-OP-I—Composition and processing of 
soybeans and other oilseeds for oils and proteins 
RRL-5-(8)-OP-1-3—Development of improved soybean flour and 
related products. To separate soybean flour into fractions and, in co- 
operation with RM: a—270-1 (p. 953 of this chapter), to remove consti- 
tuents that are harmful to baking properties. 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department 
Likewise, under secs. D and E, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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RRL-5-(8)-OP-14—Extraction of proteins from oilseed meals. 
To investigate methods for isolating the protein of soybeans, flax, 
and sunflowers, and to find methods of reducing the cost of isolation 
and improving the quality of the product. 

RRL-—5-—(8)—OP-1-5—Studies to eliminate the bad effects of trace 
metals in soybean oil. To find better materials to inactivate the me- 
tals, such as iron and copper, that exert such a deleterious influence on 
the flavor of soybean oil, new deactivators will be sought which are 
tasteless, odorless, colorless, nontoxic, stable at high temperatures, 
effective at low temperatures, and soluble in the oil. 


Research project RRL-5—(8)-OP-2—Modification of linseed, soy- 
bean, and other vegetable oils of the northern region, and the 
components thereof 

RRL-5-(8)-OP-2-2—Use of organic reagents to prepare fast-dry- 
ing fe from soybean and other oils of the northern region. To pre- 
pare fast-dry ing oils from soybean, linseed, and other oils by first add- 
ing chlorine and then remov ing hydrochloric acid with either heat or 
chemical treatment. Products are being evaluated under a memo- 
randum of understanding with a private research group. 


Research project RRL-5-(8)-OP-3—Reactions of soybean and lin- 
seed oils, their fat acid components and derivatives to make large 
molecular weight compounds 

RRL-5-(8)—OP-3-2—F ormulation and evaluation of paints, var- 
nishes, and other protective coating materials derived from oils ob- 
tained from oilseeds of the northern area. To test the new products 
developed under OP-2-2 and OP-3-2 above, to develop the hen for- 
mulas for using them, and to evaluate them (in comparison with com- 
mercial products) both in accelerated laboratory tests and by outdoor 
exposure. ‘Tests on farm structures are being made by a private co- 
operator. 

RRL-5-—(8)-OP-3-3—Modification of phenolic-type resins with 
vegetable oils of the northern region and their derivatives. To prop- 
erly combine synthetic resins derived from phenol with oils or fatty 
acids in order to enhance their drying properties and durability for 
varnishes, enamels, baking enamels, and other surface co: atings. 
Research project RRL-5-(8)-OP-4—Soybean, linseed, and other pro- 

tein investigations 

RRL-5-—(8)-OP-4-3—Adhesives from oilseed meals. To improve 
the color, stickiness, water-resistance, and other properties of oilseed 
proteins to make better adhesives. 

RRL-5-(8)-OP-44—Reactions of acrylic compounds with soy- 
beans and other proteins, and with their derived products. To pre- 
pare acrylic compounds of oilseed proteins and to determine their 
properties and industrial usefulness. 

RRL-5—(8)-OP—4—5—Properties and utilization of aqueous ex- 
tracts of alcohol-washed soybean flakes (Gelsoy). To study the 
gelling, whipping, and adhesive characteristics of Gelsoy and com- 
pare ‘these properties with its protein content and method of 
preparation. 

RRL-5-(8)-OP+4-6—Studies on the utilization of byproduct 
amino acids. To develop new industrial uses for byproduct amino 
acids obtained during the commercial manufacture of the condiment, 
monosodium glutamate. 
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Research project RRI-S-(8)—E-1—Engineering and pilot-plan: 
development rescarch on oilseeds 

RRL-5—(8)—E-1-1—Engineering consultation, design, and draft- 
ing. To design needed equipment and installations for work under 
other projects, and to prepare drawings and tables for publication. 

RRL-5—(8) -E-1-12—F ractionation by liquid-liquid extraction on 
a pilot-plant scale of fatty acid products derived from soybean oil. 
To develop a process for the separation of methyl esters of fatty acids 
from soybean oil into two or more fractions. ‘The work will be on a 
pilot-plant scale to produce fractions of improved utility and to deter- 
mine costs and equipment required for commercial application. 


Research project RRL-j-(8)—A-1—Analytical chemical investiga- 
tions of oilseeds 

RRL-5-—(8)—A-1-1—Investigation of the chemical composition of 
oilseed crops, using standard methods of analysis. To analyze oil- 
seeds for oil, protein, and similar constituents that influence industrial 
usage. To find the variation in composition caused by location, sea- 
son, or variety. Work is carried out in cooperation with plant 
breeders of State agricultural experiment stations and with the 
BPISAE. 

RRL-5-(8)—A-1-2—Analysis of samples for other research and 
service projects. ‘To provide analyses by a centralized group using 
specialized chemical methods, such as microanalyses or standari 
methods not routinely used. 

RRL-5—(8)-A-1-4—Research on soybean oil analytical methods. 
To improve present methods of testing soybean oil and measuring the 
amount of oil in soybeans. 


Research project RRL-5-(8)—A-2—Physicochemical and physica’ 
investigation of oilseeds 

RRL-5—(s )—-A-2-1—Investigations by physical and physicochemi- 
cal methods for other research and service projects. To assist all re- 
search on oilseeds by the application of specialized physical and 
physicochemical methods, such as X-ray diffraction; ultraviolet, 
visible, and infrared light absorption; and precision fractiona 
distillation. 

RRL-5—(8)-A-2-—Separation and analysis of vegetable oils and 
their derivatives by physical methods. To measure with accuracy the 
vapor pressure and other physical properties of methyl esters and free 
fatty acids in order to design proper distillation equipment. 


Research project RRL-5-(8)-A-4—Collection, preparation, and stor- 
age of materials required for the research work on northern oil- 
seed crops and the integration of developmental work with th 
breeding, selection, and production work of Federal, State, and 
private agencies 

RRL-5—(8)—A—4-1—Collection, analysis (for minor physical cha: 
acteristics), preparation, classification, and storage of oilseeds or other 
materials necessary for the research work. To centralize acquisition 
of samples for research purposes, to maintain and operate sample prep- 
aration machinery, and to preserve samples under optimum conditions. 

RRL-5-(8)-A—4+-2— Integration of industrial requirements of oi! 
seeds with the plant breeding and cultural activities of Federal, State, 
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and private agencies for the development of varieties having chemical 
and physical characteristics most suitable for industrial utilization. 
To maintain contact with plant breeders and agricultural technol- 
ogists for the interchange of information on the composition of new 
varieties of oilseed crops being developed and to assist and encourage 
the development of varieties suited for industrial utilization. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Chemical work on oilseeds was initiated in the Department of Agri- 
culture before 1920, but was relatively minor in nature. Early work 
was largely limited to determining the composition of new oilseeds 
and oils and developing new methods of analysis for vegetable oils. 
In 1936, with establishment of the United States Regional Soybean 
Products Laboratory, an expanded program on industrial utilization 
was started, and an increased number of chemical analyses was made 
for the geneticists to guide their development of high-oil, high-protein 
varieties adapted to the Midwest. Research on analytical methods 
for better oil determination and better commercial tests for evaluation 
of the oil was accompanied by studies on separation of a purified soy- 
bean protein and studies of screw-press oil-extraction methods. In 
the last 10 years, better separations of oil and meal and increased 
knowledge of composition have led to the study of more specialized 
developments such as a rubberlike material and a heat-sealing resin 
from soybean oil, improved plywood adhesives from soybean and lin- 
seed meals, and a soybean protein fraction that can be whipped into 
foams and meringues, like egg white. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Estimates on funds in early years are difficult to make, but these 
probably ranged from $10,000 to $20,000 in the period 1920-35. From 
1936 to 1942, the annual expenditure on chemical soybean work varied 
from $50,000 to $100,000. Since 1942, oilseed budget allowances have 
varied between $125,000 and $283,000. The expenditure in 1950 was 
$277,000, which was apportioned among the various research projects 
as follows: OP-1, $60,000; OP-2, $32,000; OP-3, $20,000; OP-4, 
$36,000; E-1, $90,000; A-1, $28,000; A-2, $5,000; A—4, $6,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research proj ct RRL-5-(8)-OP-1 

_ Flavor stability of soybean oil—Since the beginning of the soybean 
industry in this country, the oil has sold at prices lower than those of 
other domestic vegetable oils primarily because of the undesirable 
flavors that develop upon storage of the finished products, such as 
shortening, margarine, and salad oil. About 90 percent of soybean 
oil is used in edible products. The problem of flavor stability has 
been recognized by growers, processors, and oil refiners as the major 
obstacle to the free acceptance and increased use of soybean oil for 
edible purposes. Representatives of the soybean industry have re- 
peatedly stated that a method for improving the stability of the oil 
is essential for maintaining the crop and the oil industry on a suc- 
cessful basis. The Bureau has made the following important con- 
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tributions toward the solution and understanding of the flavor prob- 
lem: (1) The identification of the linolenic acid in soybean oil, as a 
major factor in the instability of the oil; (2) the observation that 
minute quantities of copper, iron (1 part in 10,000,000 for iron), and 
other metals in the oil accelerate its rate of deterioration; (3) the 
discovery that these metals can be removed during oil refining by 
chemicals such as citric acid. Use of these chentinate, now known as 
metal scavengers or metal deactivators, very substantially improves 
the stability of the oil. Through the efforts of the Bureau, practically 
all of the refiners are using metal deactivators in their processes; (4) 
the development of special equipment and methods, now used by indus- 
trial laboratories, for analysis of soybean oil; (5) no chemical or 
physical tests have ever been found for the measurement of the flavor 
substances in soybean oil. Thus an essential part of the work on oils 
has been the development of a scientifically trained taste panel for 
detecting and evaluating flavors of the oil. The taste panel pro- 
cedures and statistical methods of analyzing the results have been 
adopted by the larger commercial oil refiners. The adoption of these 
developments on oil stability by industry has been a substantial fac- 
tor in the improved quality of oil. Since 1944 soybean oil has led 
all other domestic vegetable oils in supply and consumption, and the 
soybean crop is still increasing. The present market-volume pro- 
duction of edible crude oil is in excess of 1,200,000,000 pounds, salued 
at more than $200,000,000. If the increase in soybean oil values re- 
sulting from these improvements is limited to 1 cent per pound for 1 
year only, it would amount to $12,000,000. 

Development of a process for separating purified soybean proteins.— 
Detailed investigations were made on the solubility of soybean pro- 
tein in alkali, acid, and salt solution. From these basic studies a 
process was developed for isolating the protein, first in the laboratory 
and then in the pilot plant, for demonstrating the feasibility of the 
process in large-scale operation. Several industrial processors have 
made use of this information in producing soybean protein on a 
commercial scale for use in paper coatings, washing compounds, 
textile sizing, and adhesives; and during the war such protein was 
used by the Navy in making a very stable foam for fighting fires on 
ships. Methods for improving the color of soybean protein by the 
use of chemical bleaching agents have been discovered. Improve- 
ments in the color and taste of soybean flour have been made by ex- 
tracting soybeans with alcohol. The results of many of these investi- 
gations have been used by companies which process soybeans for pro- 
tein isolation or which make soybean food products. 

Linseed and sunflower seed proteins.—Detailed laboratory investi- 
gations have been made on methods for isolation and purification of 
the proteins of flax and sunflower seeds and on the properties of the 
isolated proteins. The hulls of flaxseed, which comprise about half 
its weight, contain a mucilage which interferes with the isolation of 
the protein; further, this mucilage contains dark-colored pigments 
which darken the isolated protein. The protein yields from flax are 
low, and it was found that the protein is difficult to disperse in the 
reagents ordinarily used for industrial work. 

The isolated sunflower seed protein was found to contain chlorogenic 
acid, a substance that turns green when treated with chemicals used 
for protein isolation. The chigugenia acid is very difficult to bleach 
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or remove by solvent extraction. It was concluded from the prelimi- 
nary work on flax and sunflower seed proteins that it would be more 
difficult to adapt them to use in industrial products than isolated 
soybean protein. 


Research project RRL-5-(8)-OP-2 


Faster-drying soybean oil for protective coatings—A chemical 
treatment has been discovered which changes soybean oil into a faster- 
drying oil, similar to dehydrated castor oil. This modified soybean 
oil is now receiving evaluation by commercial firms for its usefulness 
in paints and var nishes. If this new process is successful, it is antici- 
pated that 15,000,000 pounds or more of the new product will be 
manufactured annually. 

Improvement in drying characteristics of soybean oil—A method 
was developed to produce fast-drying oils by treating oils like soy- 
bean oil with a mixture of nickel and carbon. \ The resultant chemical 
change is known as catalytic conjugation. The successful applica- 
tion of the chemical principles involved in this process represents an 
important fundamental contribution to the chemistry of vegetable 
oils. This contribution is significant not only in the study and im- 
provement of drying oils, but also in other fields of oil chemistry, 
such as the preparation of shortening and margarine. While eco- 
nomic conditions have deterred industry from adopting this process, 
it would become extremely valuable in the event of a national emer- 
gency, as it is one of the best known methods of improving the drying 
properties of soybean oil. 

Rese arch project RRL-5 (8)-OP-3 

Heat-sealing resin made from soybean oil—A resin (Norelac) was 
produced by combining treated fatty acids from soybean or other 
oils, with a diamine. This resin is a plastic and has found applica- 
tion for coating paper, sealing liners in bottle caps, and heat sealing 
paper-wrapped foods. It was tried out commercially and is now pro- 
duced in a plant having a rated yearly capacity of over 1,200,000 
pounds annually. The production of this quantity of Norelac is 
equivalent to more than 3,000,000 pounds of soybean oil. 

Rubber replacement from soybean oil—During the rubber shortage 
in the early stages of World War II, a product having many of the 
properties of natural rubber was developed from soybean oil. The 
fatty acids from soybean oil were combined with each other to make 
larger, more reactive molecules, and these, in turn, were reacted with 
ethy lene glycol to produce a gummy substance that could be cured and 
vulcanized. Norepol, as this product was called, did not possess as 
high a tensile strength as natural rubber, but it proved quite satis- 
factory for many uses, such as gaskets. Over 12,000 tons of Nore pol 
were made before the War Food Administration stopped all nonfood 
uses for soybean oil. This amount of Norepol is equivalent to 64,- 
000,000 pounds of soybean oil. 

Soybe an-oil paints.—Many satisfactory formulations for using soy- 
bean oil as a sole vehicle in paints, varnishes, and enamels have been 
developed. These formulations have been particularly valuable to 
the American farmer, as shown by the fact that farm cooperative 
associations are among the most important manufacturers and dis- 
tributors of soybean-oil paints. From 1933 to 1939 the consumption of 
soybean oil in surface coatings increased from 8,500,000 to 150,000,000 
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pounds annually, While a portion of this increase during the years 
1942-45 was stimulated by wartime shortages of drying oils, a sub- 
stantial part is due to the research program of this Bureau on soy- 
bean-oil paints. 

Research project RRL-5-(8)-OP-4 

Soybean protein adhesives for plywood and for shotgun shell cas- 
ings—When the protein is separated from solvent-extracted soybean 
meal, a residue is Toft which contains about 40 percent protein but has 
a high crude-fiber content, and is therefore not desirable in feeds, 
This high-protein residue was used in formulating a plywood water- 
proof adhesive of great strength. The residue from protein isolation 
was especially suitable for this use, since the water-soluble sugars had 
been removed from the meal along with the protein. Several plywood 
companies used this soybean adhesive during the war with success. .\ 
special soybean glue was made also from the isolated protein for use 
in manufacture of shotgun shell casings. This glue proved to be 
superior to synthetic resins or other protein glues tried in this process, 
More than half of all commercial shotgun shell casings are now made 
with this glue. 

Compounds with soybean protein and its derived products.—The 
reaction of a compound, acrylonitrile, with amino acids has been 
studied with a view to utilizing byproduct amino acids from the manu- 
facture of the condiment, monosodium glutamate. More than 20 new 
chemical derivatives have been made from these amino acids, and their 
chemical properties have been studied and reported in the chemical 
journals. These new amino-acid products have created considerable 
interest among both biological research workers and industrial organi- 
zations. They have been found to be completely nontoxic. It is too 
early yet to evaluate their importance to the trade and to biological 
investigations. 

The reaction of the acrylonitrile with soybean protein has been 
studied, and some of the properties of the chemically modified protein 
have been investigated. Two advantages have been observed: (1) 
Alkaline dispersion of the modified protein can be treated with for- 
maldehyde without gelation; and (2) the treated protein is less suscep- 
tible to putrefaction than ordinary proteins. Both of these properties 
have proven to be of interest to manufacturers of emulsion paints, and 
the product is now being evaluated. Acrylonitrile reacts readily, in a 

uantitative manner, with aqueous alkaline dispersions of protein and 
for this reason appears to be commercially feasible. Since the price 
of acrylonitrile is about the same as that of protein, no extra cost per 
pound of product is incurred where the dispersion is utilized. 

Whipping agent from soybean meal._—During an investigation on 
the extraction of oil from soybeans with grain alcohol, it was found 
that a water extract of the oil-free flakes could be whipped into a 
foam and made into a meringue. Since alcohol-extracted flakes were 
not commercially available, further studies were made to show that 
commercial undenatured flakes could be adapted to the process, and 
that by spray drying the water extract of the meal, the proteinaceous 
product could be recovered in the form of a dry powder. This new 
product possessed adhesive and whipping properties of wide interest 
to food and industrial users of proteins. An industrial firm has built 
a pilot plant having a capacity of about 114 tons daily, for commercial 
evaluation of this new product. 
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Research project RRL-5-(8)-E-1 

Processing damaged soybeans—The 1942 soybean crop of 187,- 
000,000 bushels was so badly damaged by late harvest resulting from 
excessive rains that a drastic change was necessary in the method used 
by the trade for applying dise ounts to compensate for field damage. 
The Bureau conducted tests in one of the large soybean mills and 
demonstrated that the reduction in value of the products did not 
justify the extremely high discounts that were being applied to con- 
signments of damaged beans. A reduction in the discount rates was 
subsequently agreed upon by representatives of all branches of the 
soybean industry with savings to the farmers of 5 to 6 million dollars 
during the 1942 crop year. 

Increasing soybean processing capacity by speeding up screw 
presses.—During the last war the production of soybeans increased 
faster than did processing capacity, and due to war shortages the 

materials for construction of new capacity were not available. 
Accordingly, in 1948 the Bureau made a survey to determine the extent 
to which the so-called expeller speed-up might be utilized to meet 
wartime demands, and presented recommendations thereon to the 
Commodity Credit Corporation. The steps taken were substantially 
those proposed by the Bureau, with the result that the capacity of 
the soybean processing industry was increased by approximately 
50,000,000 bushels, or 40 percent. The saving in processing costs 
resulting from this improvement is estimated at approximately 
$7,000,000 per year. 

Fractionation of soybean oil_—Treatment with a selective solvent 
(furfural, made from agricultural wastes) was found to separate soy- 
bean oil into two fractions. The major fraction has increased the 
utility of soybean oil as an edible oil. In this use its flavor stability 
is superior to that of the original soybean oil. The lesser fraction 
more closely resembles linseed oil and has greater value as a paint oil. 
The fractionation process has been investigated on a pilot-plant scale, 
and data have been obtained on the design of equipment, proper 
operating conditions, and costs of the various operations. 

Assistance to oilseed processors, especially small cooperative mills.— 
The information obtained by the Bureau’s research has been made 
available through publications and through discussions with visitors. 
A great deal of assistance and counsel has been given, especially to 
small mills and farm groups planning to engage in oilseed processing. 
For the past several years representatives of the farm cooperative 
mills have met under Bureau auspices to learn about the latest soy- 
bean research and developments in processing methods and to discuss 
their current technical problems. The advice and assistance given to 
these mills has included specific information on plant design and 
processing procedures. 


Research project RRL-5—(8)-A-1 


Chemical analyses of a service nature conducted under this project 
have contributed materially to the accomplishments of other projects 
reported elsewhere. Additional accomplishments under this project 
are reported below. 

Development and introduction of present leading soybean vari- 
eties.—In cooperation with the Bureau of Plant Industry, Soils, and 
Agricultural Engineering and with State agricultural experiment 
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stations of the north-central area, almost all of the soybean varieties 
now grown (270,000,000 bushels in 1950) were developed in the United 
States Regional Soybean Industrial Products Laboratory’s program. 
The chemical analyses for oil, protein, and iodine number guided the 
agronomists in selecting the high oil varieties which were later named 
and released as Lincoln, Hawkeye, Adams, Wabash, Gibson, ete. The 
oil content of soybeans is especially important since ery the 
price of oil per pound is about three times that of meal. Older 
varieties of soybeans contained (on dry basis) from 16 to 18 percent 
oil, whereas the oil content of present varieties is rarely less than 20 
percent. This increase in oil content has added about 5 percent to 
the value of a crop that now ranges in value between 500 and 600 
million dollars per year, or an increase in the value of the soybean 
crop of about $25,000,000 yearly. 

Improved methods of analyzing the oil content of soybeans.—When 
in the war year of 1945 the Government, through the Commodity 
Credit Corporation, bought the entire crop of soybeans and resold 
them to processors, the selling price was based on the oil content as 
determined by analysis. By improving analytical methods, checking 
samples and laboratories, and instructing industrial laboratories, the 
Bureau in this one year was responsible for the return of more than 
$1,000,000 to the Government. Estimated savings to the Government 
in the two succeeding years, resulting from this work, were about 
$3,000,000. 

Oil content of stored soybeans—When the price of soybeans is 
fixed by the oil content as determined by analysis (as it was during 
World War IT) it is vitally important for the soybean processor to 
obtain oil yield at least equal to those indicated by the analyses. A 
general feeling persisted among processors that the apparent oil con- 
tent decreased on storage of the beans and that beans purchased at 
the start of the season should, therefore, be discounted below the 
price indicated by analysis on delivery. Such feelings and efforts to 
implement them tended to disrupt the market. Collaborative tests 
by the processors, the Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, and this Bureau showed no change in apparent 
oil content (within the limits of analysis) after storage. As a result, 
agitation against Government purchasing and pricing of soybeans 
decreased, and threats of discounting the price of the soybean to the 
farmer because of a possible change in chemical composition during 
storage were eliminated. 

Research project RRL-5-(8)—-A-2 

Salvaging frost-damaged soybeans.—In seasons having very early 
frost dates, usually a significant part of the soybean crop is damaged, 
and the beans are green instead of yellow. The color of the beans 
gives a green tint to the oil and, as a result such beans were at first 
heavily discounted by processors. In 1939, when for the first time 
this occurrence in the United States became serious, the Bureau was 
able to demonstrate that the oil content had not been reduced and 
that the green color could be removed by proper bleaching. Following 
this, discounts were reduced on a substantial part of the 90,000,000 
bushel crop of 1939 from 60 cents to a few cents per bushel. It is 
conservatively estimated that this represents a savings of several mil- 
lion dollars directly to the farmer. Similar protection to the growers 
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was afforded in later years when frost- and weather-damaged beans 
might have been heavily discounted. 

New and improved methods of analysis.—It has long been suspected 
that the presence of traces of iron and copper in vegetable oils has 
been an important factor in the flavor deterioration of edible oils, 
but there has been no method of analysis to furnish conclusive evi- 
dence of this. A spectrographic method has been developed which 
established the correlation between metal content and rate of deteri- 
oration and is being used to locate sources of contamination and to 
test process improvements designed to reduce or nullify contamina- 
tion. The method not only has been of great value in the research 
of the Bureau, but also has been furnished to industry to aid in the 
production of improved oils of enhanced value. 

Improved. method for color grading of edible oils—Color grading 
is a necessary part of trading in vegetable oils. For approxim: ately 50 
years, grading has been carried out by visual matching of the oil color 
with standard colored glasses under restrictive rules and with instru- 
ments that did not permit accurate judgment. There has been a con- 
tinuing dissatisfaction with the method during this period, and since 
the standard glasses were imported and not readily available, it be- 

came necessary to find a new and more satisfactory method to replace 
the old one. Fundamental studies of oil color demonstrated that color 
grading could be done more satisfactorily by photoelectric instru- 
ments. This work started and guided a collaborative project with 
the American Oil Chemists’ Society and seven industrial laboratories 
which has resulted in the adoption of a method based on a photoelectric 
instrument for the grading of the 2,500,000,000 pounds of soybean, pea- 
nut, and cottonseed oils sold annually for edible purposes. Under the 
present trading rules, the value of the oil can vary as much as 20 
percent, dep ending on color grade; and at present prices this amounts 
to 8 cents per pound of oil. The value to industry of having an accur- 
ate and reliable method for determining the color value of the oil is 
evident. 

Research project RRL-5—(8)-A 

Work on this project has been concerned with the collection, process- 
ing, and storage of soybeans and other oilseed samples necessary for 
research work under other projects. Contact has been maintained with 
plant breeders of State agricultural experiment stations and the Bu- 
reau of Plant Industry, Soils, and Agricultural Engineering, to obtain 
information on varieties developed which may be of especial interest 
to industrial usage, and to obtain their aid in the breeding and collec- 
tion of varieties especially adapted to industrial utilization. This 
work has been of great value in the development of soybean varieties 
of increased oil content, and in the selection and distribution of 
samples for cooperative work on improved analytical methods. 


F. SOME ADDITIONAL WORK NEEDED 


Improvements in flavor stability of soybean oil—Al|though success- 
ful scavengers and deactivators for metals are now known, their use- 
fulness needs to be further investigated, and new materials for this use 
should be found. The present deactivators, such as citric acid, cause 
difficulties in processing, such as slow filtration. The finding of de- 
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activators to be added earlier in processing might prevent the acquisi- 
tion of metal by the oil and markedly improve its quality. 

Better antiowidants for vegetable oils —Antioxidants for vegetable 
oils equal in efficiency to those now used in animal fats are badly 
sietel. Antioxidants that would carry through into baked products 
would greatly extend the usefulness of vegetable fats, as well as im- 
prove the consumer products in which these fats and oils are used. A 
search among present antioxidants and the creation of new ones 
specifically suited for vegetable fats would be required. 

Elimination of linolenic acid from vegetable oils.—lf physical 
methods could be found for economically removing linolenic acid from 
soybean and other vegetable oils, the usefulness of these oils would be 
rreatly improved for edible products. The flavor stability of both 

iquid and hardened oils mead be improved, and the cost of hardening 

the oil would be materially lowered. Purification processes, such as 
adsorption, low-temperature crystallization, and liquid-liquid fracti- 
onation should be studied for this purpose. 

Lsolation of oilseed proteins.—Additional fundamental research is 
needed on the properties of oilseed proteins. Increased utilization 
depends on a better knowledge of the native proteins, separation of the 
over-all protein into its uniform fractions, and determination of the 
molecular weight and chemical properties of these fractions. Such 
factors as denaturation and its causes, the structure of the proteins, 
and the relationship of proteins to other plant constituents should be 
determined in order to more successfully isolate and purify these pro- 
teins for industrial use. The solubility characteristics and potential 
jelling properties are other important factors in many industrial 
applications. 

Separation of oilseed proteins —For maximum utilization of their 
unique properties, proteins should be separated into fractions. Frac- 
tionation by either physical or chemical means to produce graded sizes 
and shapes of protein molecules would increase the utility and possible 
applications of these substances. If satisfactory methods can be 
found for making these separations, individual fractions may find use 
as blood plasma replacements, special purpose adhesives, raw material 
for textile fibers, emulsion stabilizers, and flexible coatings. 

Effect of drying and storage on processing of oilseeds.—Variation 
in quality of the oils and proteins and of their derived products, caused 
by drying and chemically treating oilseeds before storage. should be 
determined. This work is needed to establish optimum storage pro- 
cedures for obtaining products of highest quality. Limited investi- 
gations have been conducted on the changes in oil content and oi! 
quality of stored soybeans which indicate that oil quality is lowered by 
storage of the beans. This work, however, is incomplete. 

Further studies on safflower oil and meal.—With increasing agro- 
nomic attention and wider adaptation of this crop, large amounts of 
saflower oil and meal will appear on the market. <A better knowledge 
of the constituents of the seed, especially the minor components sucli 
as the phosphatides, pigments, and sterols, will be needed to process 
the crop and market the resulting oi] and meal to good advantage. 
Further work is needed on the processing of safflower oil for edible 
products, 

Minor oilseeds.—Studies on the utilization of minor oilseeds 
mustard and rapeseed—are needed to determine if they could he used 
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more widely by industry. These oilseeds can be grown successfully in 
both dry land and irrigated areas, but limited industrial demand for 
the products has kept production low. 

Linseed meal as an industrial raw material.—Seed flax is grown 
yrimarily as a source of drying oil (linseed oil). The flaxseed meal 
is sold on the feed market against heavy competition from other oil- 
seeds. It has a unique composition, including a relatively high amount 
of gums and other unknown constituents. Studies to isolate and 
evaluate these constituents are needed in order to find special uses 
and enhance the value of this oilseed meal. 

New consumer products from vegetable oils and their derivatives.— 
Further increased outlets for domestic vegetable oils may be found 
by research work on new food combinations. Blends of oils with 
other foods to produce new products may increase consumer acceptance 
and use and provide a wider market outlet. 


FUNDAMENTAL STUDIES ON THE FLAvor Srapiniry or Soysean Orn 
(BAIC—RM: a-128—Federal—RMA Funds) 


(Cooperation with private organizations) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To isolate and identify the constituents of soybean oil that are 
responsible for its frequently objectionable flavors, and, on the basis 
of this fundamental information, to develop methods for preventing 
their development. Current work is devoted to two general pro- 
cedures for determining the nature of off-flavors, one to isolate and 
identify the actual flavor principles of the oil, and the other to deter- 
mine the identity of unstable components that decompose to give the 
undesirable flavors. Work is also in progress on the development 
ot processing methods to delay or prevent the production of unde- 
sirable flavors and odors in soybean oil and its products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—128-1—Isolation and identification of flavor principles and 
their precursors. ‘To explore the components of soybean oil for flavor 
principles and flavor precursors prior to more intensive investigation 
of individual compounds thus brought under suspicion. 

RM: a—128-2—Survey of chemical and physical changes occurring 
coincident with flavor deterioration of soybean-oil products. To 
study physical and chemical changes that occur in soybean-oil prod- 
ucts coincident with loss of flavor; to find objective tests of flavor 
and flavor stability to be used in lieu of laborious methods of testing 
by taste and smell; and to seek the chemical nature of deteriorative 
reactions and means for their retardation or inhibition. 

RM: a-128-3—Development of processes on a pilot-plant scale for 
enhancing the flavor stability of soybean oil. To develop, on a pilot- 
plant scale, processing methods to delay or prevent the production of 
undesirable flavors and odors in edible soybean oil and edible products 
derived from soybean oil. 

RM: a-128-5 (C)—Isolation and identification of volatile-flavor 
prineiples derived from isolinoleic acid, a constituent of hydrogenated 
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soybean oil. To isolate and identify the volatile products of isolinoleic 
acid, and to determine whether these products are similar to or iden- 
tical with products similarly derived from hydrogenated soybean oil, 
This work is being carried out under contract by a university. 

RM: a—128-6—Isolation and identification of oxidative-deteriora- 
tion products and flavor principles derived from linolenic acid, a con- 
stituent of liquid and hydrogenated soybean oil. ‘To isolate and 
identify the oxidative-deterioration products of linolenic acid, and 
to determine their relationship to the volatile flavor principles derived 
from liquid and hydrogenated soybean oil. This work is being done 
through the cooperation of a university. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The soybean industry of this country has undergone a rapid devel- 
opment since the early thirties and has become one of the major seg- 
ments in our agricultural economy. Production increased from 
9,000,000 bushels in 1929-30 to over 200,000,000 bushels in 1948-49. 
However, over the years the price of soybean oil has been 1 to 5 cents 
per pound less than that of cottonseed oil, which is its principal com- 
petitor as an edible oil. This price differential results in a loss to the 
soybean grower of from five to fifty million dollars a year and is 
attributable solely to the inferior flavor or “reversion” characteristics 
of soybean oil. 

Study of this flavor problem was initiated by the Bureau in 1937 
under special research funds, but it was not until 1945 that a concerted 
effort could be started under regular funds. Although marked 
progress was made in stabilizing soybean oil as the result of these in- 
vestigations, it became apparent that a more satisfactory solution de- 
manded the acquisition of more fundamental information on the chem- 
ical nature of the “off-flavor” development. This necessary funda- 
mental research was made possible in 1948 by this project financed 
with funds appropriated under the Research and Marketing Act of 
1946, 


D. FUNDS—-ANNUAL EXPENDITURES 


The $41,800 first allotted to this research in 1948 was increased to 
$53,700 in 1949, and to $85,600 in 1950. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Identification of linolenic acid as a source of undesirable flavor in 
soybean oil.—Circumstantial evidence has long pointed to linolenic 
acid, one of the minor components of soybean oil, as causing undesir- 
able “reverted” flavors, since only oils that contain linolenic acid 
develop such flavors. When linolenic acid was introduced into cotton- 
seed oil by a chemical reaction known as interesterification, the cotton- 
seed oil developed “reverted” flavors and was identified in “blind” 
tests by a taste panel as soybean oil. Establishment of the identity of 
this flavor component is an important step in the solution of the flavor 
problem of soybean oil. 

Isolation and identification of volatile owidation products from 
soybean oil.—Volatile products from off-flavored soybean salad oil 
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and soybean shortening have been collected and fractionated. The 
concentration of odoriferous substances in amounts that can be studied 
chemically is in itself a difficult scientific achievement. Four com- 
pounds, alphaheptenal, maleic dialdehyde, acetaldehyde, and delta- 
2,4-decadienal, were isolated from the off-flavored soybean salad oil 
and identified. Three compounds, heptenal, maleic dialdehyde, and 
di-n-propyl ketone, were isolated from soybean shortening and iden- 
tified. It is believed that further investigation will show these com- 
pounds contribute to the “reversion” flavor of soybean oil. 


F. SOME ADDITIONAL WORK NEEDED 


Elimination of linolenic acid from soybean oil.—Linolenic acid is 
one of the components of soybean oil contributing to its flavor instabil- 
ity, and additional work is needed on suitable methods for eliminating 
linolenic acid and other undesirable minor components from soybean 
oil products. 

Improved antiowidants and inactivators.—The stabilizers now avail- 
able are not satisfactory for use in all processing operations and prod- 
ucts and fall short of the desired goal: a stabilized soybean-oil flavor. 
For example, citric acid causes mechanical difficulties by clogging 
filters after deodorization, and phosphatides darken the oil. Increased 
emphasis is needed in the search for better stabilizers for soybean oil 
and its edible products. 


To Drevetorp New anp Expanpep Uses ror SoyvseEan Four 
PROTEINS 


(BAIC—RM: a—-270—Federal—RMA Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop high-quality soybean flour that can be used satisfactorily 
in combination with wheat flour in bread, pastries, and other foods to 
increase their protein content and food value. Current work uses the 
bakery as an analytical tool for testing the flour fractions that are pre- 
pared from soybean meal under line project RRL-—5-(8)—OP-1-3, page 
940 of this chapter, to determine which fractions are detrimental to 
bread and which fractions improve bread. This project is also con- 
cerned with formulas and procedures for using soybean flour in baked 


goods. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RMA-270-1—Development of methods of using soybean flour in 
bread and pastries. To develop methods for improving the quality 
and baking characteristics of soybean flour to make it acceptable to 
the baking industry as an ingredient in white bread, pastries, and other 
food products. Some of the work is in cooperation with a private firm. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The high nutritional value of soybean protein has attracted much 
attention to its possible use as a means of increasing the protein in 
bread, pastries, candies, and other food products and thereby improv- 
ing nutritional value of such foods. Certain components of soybean 
flour, however, detract from the color, texture, flavor, loaf volume, and 
other properties of bread. Many industrial laboratories working on 
this problem since 1940 have failed to solve these difficulties. Project 
RRL-—5-—(8)—OP-1-3 was initiated in 1945 and renewed in 1949 to 
improve soybean flour, but no provision was made for testing the flour 
in baked goods. Project RMA-270-1 established a baking laboratory 
in the fall of 1948 to test and analyze soybean flours and fractions of 
such flours as a means of making further improvements. 


D. FUNDS—-ANNUAL EXPENDITURES 


The money allotted for this project in 1949 was about $23,000, and 
for 1950, $19,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In the short period this work has been under way it has been demon- 
strated by baking tests that soybean flour contains (1) a substance that 
causes undesirable stickiness in the dough, (2) a substance that affects 
loaf volume, and (3) a substance that acts mechanically in causing 
“deadening” of the dough. It has also been shown that commercial! 
soybean flours, as now produced, are not uniform in character. 


F. SOME ADDITIONAL WORK NEEDED 


Research on isolation and study of minor components of soybean 
flour—More research is needed on isolation and properties of the minor 
components of the soybean, since it appears almost certain that a 
precise knowledge of these components and their chemical nature 
would greatly help in developing better foods and feeds from soybeans. 
Such knowledge should also suggest means for eliminating or counter- 
acting the deleterious substances in soybean flour. 


STUDIES ON THE COMPOSITION AND MopIFICATION OF SoYBEAN LecrrHin 


(BAIC—RM: a-339—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the utilization of soybean phosphatides by develop- 
ing new information on composition and on chemical and physical 
properties of soybean lecithin and by altering the physical ah chemi- 
cas properties of this substance by use of chemical reactions. Soybean 
“lecithin” is a complex mixture of several types of phosphatides which 
differ widely in chemical structure, and it is probable that its various 
components will have properties amenable to specific uses. Current 
work involves practical methods of isolation of individual components 
as well as fundamental studies of their structure, composition, and 
properties. Since phosphatides are capable of reacting with various 
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types of chemical reagents, various new products having diverse prop- 
erties are expected to result. So-called vegetable lecithin, a mixture 
of phosphatides, is obtained as a byproduct in the refining of crude 
aaa oil. It amounts to about 2 percent of the oil, or 0 4 percent 
of the beans. Soybean lecithin is used as an emulsifier for fats and 
oils in food products, leather dressings, and_ textile-processing 
compositions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RMA-335 ‘undamental studies on composition and modification 
of soybean lecithin. To provide the needed fundamental information 
on methods of isolation, composition, and structure of soybean lecithin ; 
to investigate those chemical and physical properties of isolated frac- 
tions of pure components that are of importance to the industrial 
utilization of soybean lecithin. 

RMA-339-2—Chemical modification of amino and hydroxyl groups 
of soybean lecithin. To increase the utilization of soybean lecithin 
by the dev elopment of new compounds of commercial value through 
modification of amino and hydroxy] groups. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Few products in such wide commercial use are so little understood 
chemically as is soybean lecithin. Reports of the Army’s Technical 
Intelligence Committee indicated that traces of lecithin were responsi- 
ble for the undesirable flavors of soybean oil, and some work on these 
compounds was undertaken by the Bureau under regular appropria- 
tions in 1946. While other parts of the Army’s Technical Intelligence 


Committee’s reports were confirmed by Bureau research, that bart 


dealing with lecithin showed it had little relationship to flavor stabili- 
ity. The need for further work to increase the utilization of lecithin 
became particularly urgent in 1947 when a change in trading rules 
for soybean oil resulted in a larger production and surplus of soy- 
bean lecithin. Consequently, in ‘the latter part of 1948, work was 
begun under Research and Marketing Act funds, first on the composi- 
tion and fractionation of soybean lecithin, and subsequently on its 
chemical modification. 


D. FUNDS—ANNUAL EXPENDITURES 


This work was initiated in the fiscal year 1949 with an allotment of 
$5,000, which was increased to $17,800 for 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New data on composition of soybean lecithin.—Prior to the work on 
this project, textbooks copied and recopied the information that soy- 
bean “lecithin” was composed of 35 percent lecithin and 65 percent 
cephalin. By applying new modern techniques of separation, it has 
been found that soybean “lecithin” consists of approximately 30 per- 
cent lecithin, 30 percent cephalin, and 40 percent phospho-inositides. 
Not only had a major Reet, the phospho-inositides, been over- 
looked by earlier workers, but further studies showed the phospho- 
inositide fraction was itself composed of several compounds. These 
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fundamental studies have provided a basis for large-scale separations 
of individual components, which should eventually permit the evalua- 
tion and utilization of specific components for industrial purposes. 

Chemical modification of soybean lecithin—In the short time this 
project has been active, a new chemical modification of soybean lecithin 
has been effected which results in a marked change in physical appear- 
ance and properties. It is now planned to distribute 50-pound lots of 
this new material to potential industrial users for evaluation in their 
specific industries. 


F. SOME ADDITIONAL WORK NEEDED 


Pilot-plant development of methods for separating components of 
soybean lecithin.—Before specific fractions of unmodified lecithin can 
be submitted to potential industrial users, samples must be available 
in such size as to permit industrial evaluations. Many alterations in 
procedure are necessary before laboratory-scale operations can be 
adapted to pilot-plant scale, and economic considerations that are 
unimportant in the laboratory procedures may be found to be critical 
in commercial operations. Before equipment for fractionation on a 
pilot-plant scale can be designed, more laboratory experiments will be 
necessary. Acceleration of ‘studies of a more fundamental nature are 
strongly urged by industrial groups, since wider application of phos- 
phatides must await acquisition of basic knowledge on the structure 
and composition of soybean lecithin. 

Chemical modification of soybean lecithin—The potentialities of 
chemically modifying soybean lecithin have only been tapped by cur- 
rent developments. New reagents and new reactions are known and 
await only the personnel to implement the program. Attention has 
thus far been given to nonfood uses, but consideration should also be 
given to reaction products useful in foods. 


Tune Nour Invesrrratrions, IncLupina Cuemistry, Tecnu Nnouocy. 
PRrocEssING, AND UTILIZATION 


(BAIC—b-10—Federal—Regular Funds) 
(Cooperation with private organization) 


\. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improved processes and practices for handling, 
storage, and preparation of tung fruit for extraction of oil, together 
with more efficient methods of recovering oil of the highest qu: lity, and 
to develop reliable and rapid methods of analysis of tung fruit and oil. 
(Part of this work is carried out in cooperation with a private firm that 
manufactures tung oil.) 


B, CURRENTLY ACTIVE LINE PROJECTS 


b-10-1-1—Improved methods for analysis of whole tung fruit and 
hulled tung fruit. To develop reliable and rapid methods for deter- 
mining the moisture and oil content of whole tung fruit and hulled 
tung fruit for use in evaluating these products for purchase and for 
control of processing at the mill. 
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b-10-1-2—Increased oil yields through improved procedures in 
handling, hulling, and drying of tung fruit. To develop improved 
proc edures for handling, hulling, and dr ying tung fruit as a means of 
increasing oil yields. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Investigations initiated in 1934 were concerned with the composition 
and reactions of tung oil and its principal acid constituent, eleostearic 
acid, and the an: alysis of samples of tung fruit. In 1938, studies were 
directed toward the development of methods of analyzing tung fruit 
and oil, and learning the effects of drying, hulling, and storage of tung 
fruit on processing, “quality, and yield of oil. Duri ing Wor ld W ar LT, 
the work was concentrated on methods of recovering the maximum 
amount of oil, particularly by solvent extraction, because of the critical 
shortage of tung oil. 

After the war, emphasis was placed on the development of new and 
improved procedures for processing tung fruit to obtain increased oil 
yields and the development of re ‘liable and rapid methods for deter- 
mining moisture and oil contents of tung fruit and hulled tung nuts for 
pure hase and processing at the mill. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1934 to 1938, the work on tung nuts was financed under regular 
funds for oil, fats, and wax investigations, and a very rough estimate 
indicates that annual expenditures ranged from $1,500 to $3,000, 
From 1938 to 1942, the annual expenditure approximated $20,000. 
Since then the annual expenditures on tung nuts have varied from 
about $29,000 in 1943 to $21,100 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


T he de velopment of IMpProve ad proce dure S for sampling and ana- 
lyzing tung fruit has furnished the industry with a sound basis for 
trading. ‘These procedures have been used by commercial analysts 
for several years with dependable results and were found useful by 
the Commodity Credit Corporation in carrying out the tung-oil pro- 
gram for 1947-48. In addition, simple, rapid ‘procedures for oil and 
moisture contents of tung fruit have been developed for use in tung- 
oil mills by untrained personnel. 

Development of improved methods of drying and hulling tung 
fruit for safe storage and more efficient processing resulted from the 
cooperative efforts of the Bureau of Agricultural and Industrial 
Chemistry and other organizations. It was established that hulled 
nuts dried to 10 percent moisture at air temperatures below 160° F. 
can be stored for at least 4 months and then processed efficiently to 
yield high-quality oil. Hulled nuts of high moisture content that 
were not artifically dried did not process well after stor age and yielded 
a lity oil. In addition, this Bureau materially assisted another 

Federal agency in the development of a portable tung-fruit huller, 
permitting the very moist fruit to be hulled in the field with minimum 
damage to the seed, thereby facilitating the subsequent drying, 
storage, and expression of the tung nuts. ; 
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F, SOME ADDITIONAL WORK NEEDED 


Further investigation of the composition of tung fruit and tung 
oil, as affected by storage and processing conditions, is needed for the 
rational development of a utiination research program. 

Determination of the maximum yield of oil that can be expected 
from tung nuts of different oil contents in an efficiently operated tung 
mill, and effects of various processing factors on yield and quality of 
tung oil is needed to recommend practices that should lead to more 
efficient and economical recovery of oil. 


STUDIES ON THE FERMENTATION OF OITLSEEDS IN THE PRODUCTION OF 
Foop Propuctrs 


(BAIC—RM: a-517—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new or improved food products from oilseeds by selected 
fermentation procedures under controlled and industrially applicable 
conditions. The current work centers on the microbiological and 
chemical characteristics of fermentation processes applied to various 
oilseeds and oilseed products, to which cereal products are added. The 
work also involves taste evaluation and contemplates the preparation 


of new or improved food products in quantities sufficient for consumer 
acceptance trials. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RMA-517-1—Investigation of factors controlling flavor and phys- 
ical nature of food materials produced by fermentation. To establish 
by chemical, physical, and subjective techniques the characteristics, in- 
cluding maximum nutritional value and taste appeal, that are desired 
in fermented food products; to enrich the American diet and concur- 


rently provide important new commercial outlets for soybeans and 
other oilseed crops. 


C., HISTORY AND EVOLUTION OF THIS WORK 


In much of the Orient, soybeans constitute the major source of pro- 
tein in the diet. To render this staple food more palatable, and to 
provide variety in flavor and texture, various fermentation processess 
have been developed over many centuries. ‘These processes hinge upon 
the use of micro-organisms, including molds, yeasts, and bacteria to 
modify the protein and produce pastes, sauces, and cheeselike prod- 
ucts of more appealing taste and odor. The manufacture of such prod- 
ucts in the Orient is usually on a very small (family or village) scale 
and is highly empirical, being based largely upon traditional tech- 
niques handed down from one generation to the next. During the early 
1920's, some work was carried out in the Bureau on the production of 
soy sauce and other fermented foods by application of techniques 
adapted from oriental methods. This work, however, did not lead to 
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the development of any process generally attractive to the American 
food-processing industry, and hence did not increase appreciably the 
consumption of soybeans as human food in the United States. At 
that time, of course, soybeans represented a minor rather than major 
agronomic crop in the United States. In the current investigation, 
started in February 1950, careful examination of the underlying 
microbiological and chemical changes that take place during oilseed 
fermentation processes will provide sound bases for technological im- 
provements and should point the way to subsequent large-scale manu- 
facture. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for fiscal year 1950, the first for this project, were 
$9,600. No reliable data as to the expenditures for the earlier “soy and 
related fermentation investigations” in the Bureau are available, since 
that work was carried on in conjunction with other studies relating 
to food processing and sanitation. An annual expenditure of $3,500 to 
$5,000 from 1920 to 1923 is a very rough estimate. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of soy sauce to meet war needs —When United States 
military forces occupied certain islands in the South Pacific during 
World War II, it was found that the native population was largely 
dependent upon fermented food, especially soy sauce. Since the is- 
lands were no longer in contact with Japan or China, the problem 
of producing these foods became acute. With the active collaboration 
of a Chinese national, a more rapid and improved method of making 
an excellent soy sauce was worked out by the Bureau in its soybean 
research under regular funds. Information regarding the method 
was then given to the United States Navy, and the recommendations 
were followed to correct the deficient diet of the natives. Work under 
the present RMA project started so recently that nothing outstanding 
has been accomplished thus far. 


F. SOME ADDITIONAL WORK NEEDED 


Preparation of “bland” (mild-flavored) fermented foods.—Many 
of the oriental fermented foods derived from soybeans have very 
strong flavors, some of which are objectionable to the American palate. 
By careful selection of fermentative agents (micro-organisms), and 
by special attention to processing methods, it is probable that bland 
food products, suitable for use as meat extenders and soup stocks, could 
be developed. 

Investigation of oilseeds other than soybeans.—The protein content 
of peanuts is about 32 percent; of sunflower seed about 25 percent ; and 
of rapeseed about 21 percent. Investigation of fermentation processes 
applied to these oilseeds would be expected to yield some products 
having distinct, pleasing flavors that might lead to increased consump- 
tion. 
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ExpaNpep Researcu on Fats anp Ors? 
(BAIC—RM: a-556—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To expand present outlets by improving processes and products, and 
to develop new outlets in both food and industrial fields for animal 
and vegetable fats and oils. Current work is primarily concerned 
with: (1) Developing new industrial products, such as detergents, 
plastics, plasticizers, lubricants, hydraulic fluids, chemical inter- 
mediates, and metal-tres iting compounds, from inedible animal fats, 
soybean oil, linseed oil, peanut oil, and cottonseed oil; (2) modification 
of tung oil to better adapt it to various uses; and (3) isolation of the 
natural preservatives in rice-bran oil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-556-1—The oxidation of unsaturated fat acids and related 
substances by air, oxygen, and other agents. To extend and accelerate 
work already under Ww ay on animal fats and oils under Research Line 
Project RRL—- (7)-OF-1-1 by development of methods for oxida- 
tion of unsaturated fat acids and related substances to yield products 
that will find application as such or will serve as intermediates for the 
preparation of other useful products, such as plastics, fibers, protec- 
tive coatings, rubberlike substances, pharmaceuticals, perfumes and 
fiavors, cosmetics, and fine chemicals. 

RM: a—556-2—Preparation of polymerizable * derivatives of certain 
acids of animal fats and study of their reactions and properties. ‘To 
extend and accelerate work being conducted on animal fats and oils 
under Research Line Project RRL-4-(7)-OF- 1-5 by preparation of 
polymerizable derivatives of fatty acids which of themselves are prac- 
tically unpolymerizable, and to study the polymers prepared from 
such derivatives alone or in combination with other important com- 
mercial polymerizable substances. 

RM: a—556-3—The relation between the composition and structure 
of animal fats and oils and their physical and chemical properties. To 
extend and accelerate work already under way on animal fats and oils 
under Research Line Project RRL—4—(7)-OF-3-3. This includes the 
production of animal-fat compositions of improved physical and 
chemical properties by separation of the glycetides s (compounds of fat 
acids and glycerin) in the fats, or by alteration of their glyceride 
composition or of the structure of the component elycerides, 

RM: a-556-4—Preparation, properties, and use of water-soluble. 
surface-active agents from animal fats and oils. To extend and ac- 
celerate work already under way on animal fats and oils under Re- 
search Line Project RRL-4—(7)-OF-2-3. This includes the prepara- 
tion and evaluation of surface-active agents from animal fats and oils 
for use as detergents and as agents for specialized industrial purposes, 
such as emulsifiers, penetrants, dispersing agents, and spreaders. 


1This project was set up to carry out specific instructions from the Senate Committe: 
on Appropriations, in its report (No. 862, 81st Cong., 1st sess., Senate Calendar No. 351) 
on the agricultural appropriation bill. for 1950 (H. R. 3997), to expand the research on 
particular fats and oils in the northern, southern, and eastern regional research labora- 
tories for the purpose of increasing their utilization. 

* Individual molecules of some substances are able to combine with each other to form 
chains having higher molecular weight. The combining process is “polymerization”; the 
product is a “polymer.” 
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RM: a—556-13 (C)—Investigation of the use of domestic oils and 
fats as a replacement for imported palm oil in the tinning of steel 
sheets. To find domestic oils and fats or combinations, modifications, 
or derivatives that may be used to replace imported and stock-piled 
palm oil in hot-dip tinning of steel sheets. This work is being done 
under contract by a technological institute. 

RM: a—556-15 (C)—Survey of present and needed technical re- 
search dealing with animal fats, both edible and inedible. The objec- 
tives are (1) to complete information about present and projected 
research on inedible animal fats such as tallow and grease, (2) to 
obtain more complete information about fields of research for inedible 
animal fats such as tallow and grease, (3) to obtain more complete 
information about present and projected research on edible animal 
fats, particularly lard, and (4) to obtain more complete information 
about needed research on edible animal fats, particularly lard. This 
survey is being conducted under contract by a consulting chemical 
engineer. 

RM: a-556-16 (C)—Investigation of the increased use of animal 
fats in the production of prepared feeds. To study the effect of 
varying amounts of fat in the rations of animals, particularly dogs, 
rats, and chickens; to study various possibilities for preventing ran- 
cidity of high-fat foods, and to study the possibility of using fats 
to prevent dustiness in feeds. This work is being done under contract 
by an industrial research organization. 

RM: a—556-5—Studies on the modification of soybean and linseed 
oils with organic chlorites to give plasticizers, emulsifiers, chemical 
intermediates, and hydraulic fluids. ‘To determine whether new com- 
pounds that have value as plasticizers, emulsifiers, chemical inter- 
mediates, or hydraulic fluids can be made by treatment of soybean 
and linseed oils with various organic chlorites. 

RM: a—556-6—Studies on the manufacture, modification, and utili- 
zation of trimeric fat acids and their derivatives for plasticizers, emul- 
sifiers, and hydraulic fluids. To find improved processes for manu- 
facturing trimeric fat acids, and to prepare new compounds from these 
acids that may have value as plasticizers, emulsifiers, hydraulic fluids, 
ete., by chemical treatment of trimeric fat acids. 

RM: a-556-7—Development on a pilot-plant scale of a solvent- 
extraction process for the recovery of oi] std: meal from safflower seed. 
To develop on a pilot-plant scale a technically and economically feasi- 
ble process for the production of oil and meal from safflower seed. 

RM: a-556-8—Extraction of soybeans with alcohols on a pilot-plant 
scale. To develop on a pilot-plant scale a technically and econom- 
ically feasible process for extracting oil from soybeans with alcohols. 

RM: a-556-9—Development of processes and data on a laboratory 
scale to further the utilization of the monoglycerides of cottonseed and 
peanut oils. To prepare monoglycerides from cottonseed and peanut 
oils and to determine their utility as emulsifiers, wetting agents, and 
foam stabilizers for use in edible, industrial, pharmaceutical, and cos- 
metic products. 

RM: a—556-10—Investigation of the processes and products of add- 
ing hydrogen at unsaturated points in the molecules of cottonseed 
and peanut-oil glycerides. To develop improved products from cot- 
tonseed and peanut oils through the more efficient application of hy- 
drogenation to the liquid oils, in order to convert them into fatlike 
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products having superior properties for use in household and com- 
mercial shortenings, confectioners’ fats, and other food products, as 
well as for industrial use. 

RM: a-556-11—Modification of tung oil and tung-oil fatty acids. 
pane the properties and behavior of domestic tung oil to permit its 
use in the manufacture of paints, putties, caulking compounds, foun- 
dry cores, linoleum, oilcloth, brake linings, waterproof fabrics, lami- 
nated paper, and wood products, and for other purposes where it now 
finds only limited application or is entirely excluded. 

RM: a-556-12—Investigation of the stability of rice-bran oil. To 
isolate and identify the minor constituents of rice-bran oil responsible 
for its exceptional. resistance to the development of rancidity, and to 
devise means of utilizing these constituents to improve the keeping 
quality of other fats and oils. 

RM : a-556—-14-(C)—The use of fatty acids for synthesizing new 
organic compounds having potential value as pharmaceuticals. To 
develop new products from vegetable oils through the conversion of 
their constituent fatty acids to fatty alcohols, and to use these alcohols 
as intermediates for producing compounds having potential value as 
pharmaceuticals. This research is being conducted under contract 
by a university. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During the early part of 1949, the price of animal fats and vegetable 
oils declined to 5-6 cents a pound for inedible greases and 9-10 cents a 
pound for crude vegetable oils, apparently due to overabundance of 
these commodities. To aid the Bee ucers and processors of these com- 


modities, Congress passed the Gillette amendment to the 1950 Agri- 
cultural Appropriation Act, requiring that part of the Research and 
Marketing Act funds be used for expanding the existing research on 
developing new products and market outlets for the fats and oils under 
investigation in three of the regional research laboratories. Since 
the funds became available, late in 1949, the price situation has changed 
somewhat, but the course of the work and its economic importance 
have not been appreciably altered. To a large extent, the research 
being done under this project is an extension and expansion of cer- 
tain phases of the investigations that were already being carried out 
under regular funds, with particular emphasis on development of 
industrial products. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for the fiscal year 1950, including contracts, amounted 
to about $193,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since little or no new investigation was started under this project, 
except under contracts, the accomplishments from the use of these 
RMA funds cannot be distinguished from those resulting from work 
under the old projects with regular funds. However, material prog- 
ress has been made toward attainment of the objectives of both regular 
and RMA projects. Polymers have been prepared in excellent yield 
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by simple techniques from vinyl esters of long-chain fatty acids de- 
rived from animal fats. These products range in physical appearance 
from white, waxy solids to tough or soft rabbecliie products, some 
being slow-flowing liquids. They are being evaluated for use as lubri- 
cating-oil additives, water repellents for textiles, adhesives, and 
modifiers for some commercial plastics, and constituents of chewing 
Sars materials, and other products for which they may be 
sulted. 

Animal fats for replacing palm oil have been developed for use in 
hot-dip tin plating of steel sheets. Relatively simple and inexpensive 
treatment of inedible grades of greases and tallows has been shown by 
laboratory tests to produce a satisfactory substitute for palm oil on 
hot-dip tinning. Evaluation of the treated fats in actual mill opera- 
tions is contemplated. 

An infrared spectrophotometric technique has been developed for 
determining iso-oleic acid in admixture with oleic acid in chemical 
derivatives of fats. This analytical tool has been extremely useful 
in fat oxidation studies and is also very valuable to workers investi- 
gating the isomerization, hydrogenation, and polymerization of fats, 
and the preparation of pure fatty acid derivatives of high reactivity. 

Improved analytical techniques have been developed for determin- 
ing the total amount of oxygen introduced into fat, as well as the dis- 
tribution of the oxygen among the various parts of the fat molecules. 
This is important both fundamentally (in aiding studies of how fats 
behave) and practically (in permitting better control of the oxida- 
tion). 

A practical method adaptable to routine analysis has been developed 
for determining the least active form of glyceride (tri-saturated) in 
animal fats. This method is valuable in studies on glyceride compo- 
sition in relation to physical properties of shortenings. It is also a 
value as a control test for uniformity of shortenings in respect to this 
glyceride component. 

Improved emulsifying agents from cottonseed and peanut oils.— 
Monoglycerides prepared from fats and oils are good emulsifying 
agents for use in both food and nonfood products. The manufacture 
of monoglycerides and the ee of these products is a develop- 
ment that dates back less than 15 years. Until very recently, the 
use of these products was confined almost entirely to relatively impure 
products. ork conducted under yore et ov project has led to the 
development of a relatively simple and efficient process for treating 
impure monoglycerides to yield superior products of better than 90- 
percent purity. Some of the industrially important properties, such 
as surface activity and stability, have been determined for the first 
time for various kinds of monoglycerides from cottonseed and peanut 
oils. 

Production of plastic fats from cottonseed and peanut oils—The 
industrial hydrogenation (hardening) of liquid oils to produce plastic 
fats has, in the past half century, provided the largest single outlet 
for vegetable oils in the United States and has led to the development 
and marketing of a wide variety of consumer products, such as short- 
ening, margarine, puff pastes, confectionery fats, industrial emulsi- 
fiers, and plasticizers. ‘The production of théee products from liquid 
oils requires the application of specific hydrogenation techniques, 
most of which rest almost entirely on knowledge gained by trial-and- 
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error methods. Although work on this project was inaugurated onl) 
recently (late in 1949), much new basic knowledge has been obtained 
that is directly useful to the practical oil hydrogenator and plant 
chemist for controlling the course of the hydrogenation reaction and 
the properties of the end product. 

Modified tung oils have been prepared which, unlike ordinary tung 
oil, have little tendency to form wrinkled films when incorporated in 
paints. One of these was made by reacting tung oil with a less active 
drying oil or a semi-dry oil at low temperature. Another was made 
by a carefully controlled reaction of tung oil with a small amount of 
hydrogen in the presence of a catalyst. 


F, SOME ADDITIONAL WORK NEEDED 


Study of reaction conditions giving high yields of acidie products 
from fats.—Certain acidic derivatives of fats, such as pelargonic and 
azelaic acids, are very important in the preparation of plastics, syn- 
thetic lubricants, and plasticizers and as intermediates for synthesiz- 
ing organic chemicals. The development of simple reaction conditions 
that give high yields of these products is one of the most important 
problems in the field of fat chemistry. 

Preparation and reactions of pure fatty perowides.—Peroxides are 
possibly the most important intermediates in the spontaneous oxida- 
tion of fats and oils, and they may be the precursors of many of the 
products of oxidation. A study of the properties and reactions of pure 
fatty peroxides should contribute to an understanding of how oxida- 
tion takes place, and thus make possible the control of oxidation to 
produce industrially useful products. 

Study of further oxygen absorption by intermediate products of fat 
oxidation.—No data are available on the additional absorption of 
oxygen by the partially oxidized products of fats. In order to select 
the best starting materials for the production of industrially useful 
chemicals from fats by oxidation, the absorption of oxygen by the 
various types of compounds present as intermediates must be 
determined. 

Preparation of plastics by polymerizing mixtures of vinyl esters of 
long-chain fatty acids with commercial monomers.—A systematic 
study should be made of the polymerization of mixtures of vinyl esters 
of long-chain fatty acids with commercial monomers, such as viny] 
acetate, vinyl chloride, and vinylidene chloride, to learn whether useful 
plastics can be thus produced. The incorporation of the fatty acid 
compound in the molecule should permanently improve the water 
resistance and plastic flow, and increase flexibility, especially at low 
temperatures, of the resulting products. 

Development and evaluation of detergents based on domestic fats and 
otls.—The normal expansion in the use of domestic fats for the pro- 
duction of soap is being retarded by the competition, particularly in 
hard-water areas, of synthetic detergents derived from nonfat raw 
materials or from fats and oils of foreign origin. While it is know: 
that effective detergents can be made from domestic inedible animal 
fats, economical processes for so doing are not available. This prob- 
lem can be solved only by further extensive research on detergents 
that can be derived from domestic fats and on processes for their 


production. The development of such an outlet seems essential to the 
welfare of the fat-rendering industry. 


ann 
2.5 | 
duct 
oils, 
tain 
veg 
and 
enil 
nut 
larc 
ser 
of | 
wit 
zati 
sea 
typ 
for 
me 
1 
tai 
of 
the 
me 
tel 
me 
ba 


co 
eV 
lu 
p 





OILSEEDS AND PEANUTS, EXCLUDING COTTONSEED 965 


Additional research on the processing of animal fats and oils in 
relation to the chemical and physical properties of the products.— 
There is need for an investigation of fundamental character to deter- 
mine the effect of various conditions for hydrogenating animal fats 
(or blends of animal and vegetable fats) on the chemical and physical 
properties of the products. This investigation should provide useful 
information concerning the mechanism of selective hydrogenation and 
the formation and identity of products, and should lead to the develop- 
ment of optimum conditions for producing superior shortenings. — 

Development and evaluation of an animal fat-vegetable oil selec- 
tively hydrogenated shortening.—During the past 8 years, the average 
annual production of lard, the principal edible animal fat, was about 
2.5 billion pounds. This is about equal to the combined annual pro- 
duction of the two principal vegetable oils, cottonseed and soybean 
oils, for the same period. The consumption of lard has been main- 
tained only by drastic reduction in price, compared to the price of 
vegetable shortenings. It would greatly benefit our national economy, 
and particularly the farming ek ap if lard and vegetable short- 
enings were consumed on a nearly equal-price basis. They are equal 
nutritionally; yet vegetable shortenings are much more stable than 
lard, because they contain an abundance of natural antioxidants (pre- 
servatives). It has been shown, however, that excellent shortenings 
of high stability can be produced by properly blending animal fats 
with vegetable oils. Still better products should result from deodori- 
zation or selective hydrogenation of these blends. A program of re- 
search is needed to determine the optimum conditions for making this 
type of blended shortening and to thoroughly evaluate the products 
for use in home kitchens, as well as in commercial bakeries and in com- 
mercially prepared ready-mixed products for home baking. 

Nitrogen-containing derivatives——The addition of nitrogen-con- 
taining groups to fatty acids or related substances increases the kinds 
of chemical reactions by which use can be made of the properties of 
the long-chain, fatty-acid molecule. Further investigation should be 
made of the preparation from animal fats of nitrogen-containing in- 
termediates that are suitable for the fabrication of new types of poly- 
mers, detergents, and quaternary ammonium compounds of value as 
bactericides or fungicides. 

Practical evaluation of polymers and copolymers.—Polymers and 
copolymers made from vinyl esters of long-chain fatty acids should be 
evaluated for practical uses, such as in the preparation of adhesives, 
lubricant additives, coating materials, plasticizers, synthetic rubbers, 
paint, varnish, chewing-gum additives, waterproofing and shrink- 
proofing agents, emulsion paint, and other specialties. 

Use of safflower-seed oil in protective coatings.—Safflower-seed oil 
has special properties that are different from those of both soybean 
and linseed oils, and safflower is a potential commercial crop. A com- 
prehensive evaluation of the properties and the best isto’ of using 
this oil in protective coatings would greatly facilitate marketing of 
the oil. 

Replacements for castor oil from domestic vegetable oils —Castor 
oil is an important constituent of hydraulic fluids and plasticizers, and 
in the dehydrated form it is widely used in enamels and varnishes. 
[t is also the source of a primary raw material (sebacic acid) from 
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which synthetic lubricants and synthetic polymers, such as nylon, are 
manufactured. Nearly all of the castor oil used in the United States 
is imported, and for this reason this oil is considered to be a strategic 
material. Recent work by the Bureau has indicated that products 
similar to castor oil can be obtained by chemical treatment of domestic 
vegetable oils, and that some of these products could be used to make 
sebacic acid or other acids that could be used similarly. Because of 
the strategic importance of castor oil, these possibilities should be in- 
vestigated. 

Tung oil.—The American tung-oil industry (agriculture and proc- 
essing) has developed rapidly during the past 10 to 15 years, and 
there is a corresponding need for increased knowledge concerning all 
phases of production, processing, and utilization of tung nuts. There 
is no broad research program or large group of workers engaged on 
the development of new products from tung oil or on a eicty of the 
properties and applications of this oil. In contrast to this situation, 
large sums are being expended by the numerous consuming com- 
panies to develop substitutes, and even superior products, which are 
taking away existing markets for tung oil. To help put tung-oil pro- 
duction in the United States on a sounder basis, there is need for a 
largely expanded and intensified program of research directed toward 
the development of more economic means of processing tung fruit, 
determination of the properties and methods of modifying the prop- 
erties of tung oil, and the preparation and evaluation of derivatives 
of tung oil and tung-oil fatty acids as intermediates for use in the 
manufacture of synthetic resins, plastics, plasticizers, and other types 
of end products. 

Improved hydrogenated fats—Improvement in present products 
and development of new products based on hardening liquid oils can 
be achieved only if new and more exact knowledge of the behavior of 
fats during hydrogenation can be developed. The amount of work 
needed in this field is very great, as is the potential return in terms 
of product development and new and improved consumer goods. At 
this time the most pressing problem facing the practical hydrogenator 
is insufficient knowledge of the correlation between chemical composi- 
tion of the products of hydrogenation and their physical properties, 
on which the specific end use of plastic fats is dependent. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAI—b-6-2, Chapter 3, soybean meal in poultry diets. 

BAIC—SRF-2-10, Chapter 38, allergens from oilseeds. 

BAIC—RRL-2-3 (Part 2), Chapter 10, utilization investigations on cottonseed. 

BAIC—RRL-5-3, Chapter 38, utilization of soybean, peanut, and other oilseed 
hulls. 

BAIC—RM: a-103, Chapter 10, cottonseed oil extraction and new and improved 
cottonseed products. 
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C. MARKETING 


Price, Surety, AnD Consumption ANALYsIS FOR Farm Propucrs 
(Fats anp O1s) 


(BAH—A-2-7—Federal-Regular Funds: BAE-OBS—RM: c-33—Federal-State— 
RMA Funds) 


(The discussion of line projects and expenditures on project RM: c-33 in this 
and other commodity chapters covers only work done by BAB. A general 
summary statement for this project, in Chapter 27, Prices and Income, sum- 
marizes not only the research and expenditures of BAE but also shows expend- 
itures of OES and lists OHS line projects carried out through State and Ter- 
ritorial experiment stations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
fats, oils, and oilseeds; (2) determine and measure the factors influ- 
encing changes in production, prices, and utilization of fats, oils, and 
oilseeds; and (3) make the results available through regular publica- 
tions and on special request to farmers, Government agencies, and the 
general public. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-2—Analysis of current situation and outlook for fats, oils, 
and peanuts. To appraise the current and prospective economic posi- 
tion of fats, oils, and oilseeds, to carry on the statistical and analyt- 
ical work necessary thereto, and to make available, through regular 


publications and on special request, the results thereof. The Fats and 
Oils Situation is issued periodically under this line project. 

RM: c-33. 14, 18, and 19—Analysis of factors affecting consump- 
tion of peanuts for food. To determine quantitatively how consump- 
tion of peanuts for food is related to peanut prices, prices of competing 
items, consumer income, and other factors. This is one of a series of 
line projects planned, making fundamental investigations of factors 
affecting prices and production of fats, oils, and oilseeds, including 
peanuts and their utilization in various end products, as recommended 
by the Oilseeds and Peanut Advisory Committee. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27, Prices and Income.) 

Extensive attention to fats and oils by BAE began about 1934, 
largely as a result of administrative requests for economic analyses of 
legislative proposals for increased import duties and other import 
restrictions on fats and oils. This work was continued on a perma- 
nent basis and resulted in the publication begun in March 1937 of The 
Fats and Oils Situation (monthly). In addition to preparing this 
report, the Fats and Oils Unit has set up and maintained a compre- 
hensive set of records of economic statistics on fats and oils; has an- 
swered current requests for information and for special economic 
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reports, especially requests from other governmental agencies includ- 
ing the Congress; has taken an active part in consultations and com- 
mittee work in the Department and in interdepartmental groups; and 
has published a number of special bulletins and reports in the fats and 
oils field. 

The work under RM: c-33 was begun in October 1947 in accurdance 
with the assignment by the Research and Marketing Administration 
of a project to analyze the factors affecting prices and uses of fats, oils, 
and peanuts. This project was a combination of projects suggested 
by the industry advisory committee for soybeans and flaxseed and by 
the industry advisory committee for peanuts, The project has since 
been broadened to take in the whole interrelated field of fats, oils, and 
oilseeds, including peanuts. The continuation of this project has been 
approved each year by the industry advisory committee—the flaxseed 
and soybean committee and the peanut committee having been con- 
solidated into a single committee on oilseeds and peanuts. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The cost of fats and oils work under regular funds during the fiscal 
year 1950 was approximately $19,400. Expenditures from RMA 
funds were $11,700 in fiscal 1948, $10,500 in fiscal 1949, and $15,400 in 
fiscal 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Regular funds 


The Fats and Oils Situation has been regularly issued since 1937. 
Two outstanding contributions were a comprehensive statistical hand- 
book (1937) on production, prices, foreign trade, and domestic disap- 
pearance of fats, oils, and oilseeds in the United States; and a bulletin 
(1940) giving monthly index numbers of United States wholesale 
prices of fats and oils. These bulletins made available in readily acces- 
sible form much of the basic information needed by agricultural exten- 
sion workers, the fats and oils trade, and others to appraise and ana- 
lyze current problems. 

Flaxseed Prices and the Tariff, a major report, was prepared in 
1939 in response to a Senate resolution asking the Secretary of Agri- 
culture to investigate the effectiveness of the tariffs on linseed oil and 
flaxseed and related questions. <A brief history of Government meas- 
ures during World War II to encourage production of fats, oils, and 
oilseeds was published in 1947. Price-support policies and programs 
are discussed in some detail. This study should provide a useful guide 
to setting up production programs if a similar emergency should 
develop in the future. As one of the byproducts of the research and 
service activities in fats and oils, personnel working in this field con- 
tributed actively and substantially to the formulation of Government 
policies and programs for fats and oils in World War IT. 


RMA funds 

The RMA work on fats and oils was first concerned with the con- 
sumption of fats and oils as a group. Results of an analysis were 
published in the journal, Agricultural Economic Research, in Janu- 
ary 1950, under the title “Factors Affecting Consumption of Fats and 
Oils Other Than Butter in the United States.” This study showed 
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that the consumption of fats and oils as a group responds only slightly 
to changes in prices and moderately to changes in industrial activity. 
Subsequent work under this project has been focused on peanuts. Ma- 
jor parts of the first draft of the bulletin on the economics of peanut 
consumption have been completed, covering analysis of factors affect- 
ing the consumption of peanuts for food, the history of the price sup- 
port programs of the Federal Government, and trends in production 
of imports and exports, consumption, and uses of peanuts. 


F. SOME ADDITIONAL WORK NEEDED 


There is need for a new and revised edition of the statistical hand- 
book on fats and oils and oilseeds. Research is urgently needed on 
factors affecting the consumption of food fats as a group and the 
degree of substitution among the individual food fats. 


CoNsUMER PREFERENCE Researcu (Farts anp Ors) 
(BAE-BHNHE-OES-RM : c-31—Federal-State—RMA Funds) 


(Related consumer preference research by BAH on other commodities is discussed 
in other commodity chapters. Consumer preference research conducted by 
BHNHE and OES, as well as line projects of BAE involving more than one 
commodity, are discussed in the general statement on consumer preference 
research in Chapter 26: Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain information that will aid in discovering ways in which 
the market for cooking fats and oils of agricultural origin (lard, 
shortening compound, vegetable shortening, cooking oils, margarine, 
and butter) can be expanded. The general problem to be examined is 
the uses made by household consumers of the cooking fats, their atti- 
tudes and preferences regarding these fats, and the relation between 
these attitudes and the specific cooking fats they used. This phase 
of the work project has been approved, but interviewing of a sample 
of consumers has not yet been started. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c-31.26—Household consumer preferences for cooking fats 
and oils. To study the uses made by household consumers of the 
cooking fats, their attitudes and preferences regarding these fats, and 
= relation between these attitudes and the specific cooking fats 
they use. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and this phase of the 
general project, particularly as it relates to vegetable fats and oils, 
was approved by the oilseeds and peanut advisory committee. 


D, FUNDS—-ANNUAL EXPENDITURES 


Consumer preference research on fats and oils undertaken by BAE 
during the fiscal year 1950 cost $200 from RMA funds. 
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E. EXAMPLES OF ACCOMPLISHMENTS 


This study is still being planned, so no accomplishments can be cited. 
It is expected, however, that the information obtained will serve as a 
guide to producers of cooking fats in marketing products better suited 
to the demands of the household consumers. It will also give an indi- 
cation as to the future prospects of the household consumers’ market. 


F. SOME ADDITIONAL WORK NEEDED 


Commercial bakers’ and other selected industrial consumers’ uses of 
and preferences among fats and oils—This would give a picture which 
does not exist of the trends in this large industry regarding the uses of 
different fats and oils and their competition relative to each other. 

Spoilage of cooking fats and oils kept on hand by homemakers.— 
No data exist describing the chemical condition and the corresponding 
taste effects of the cooking fats and oils in the householder’s pantry. 
It is felt that this condition is sufficiently different from that in which 
the product leaves the manufacturer to warrant considerable investi- 
gation. The industry was sufficiently interested in this problem to 
offer to do the requisite laboratory work at its own expense if samples 
could be collected from the approximately 4,000 homes to be used in 
RM: c-31.26. Budgetary considerations at this time did not permit 
the collection of the samples and this part of the project was deferred. 

Manufacturers’ information about and preferences concerning fats 
and oils used in soap, cosmetics, etc.—Patterns of use of fats and oils 
and preferences among manufacturers of soaps, cosmetics, shampoos, 
etc. As in the case of the baking industry, this work would provide 


data not now available regarding the patterns of use and trends in that 
part of the cosmetic and soap industry which uses fats and oils. 


DEVELOPMENT oF New ano Expanpep Market OvuTLets ror OILsEeps. 
Fats AnD Ors, AND THerR Propucts 


(PMA—RM : c-382—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To evaluate existing and potential markets for oilseeds, fats, and 
oils, and their products, and to assist in the development of new and 
expanded market outlets for new products as well as established prod- 
ucts. The objective of current work is to evaluate market outlets for 
peanuts and their products and for animal fats and their products, 
both edible and inedible, excluding butter. This is being done by 
studying marketing practices and competitive positions of the prod- 
ucts, and developing recommendations for farmers, processors, and the 
trade for modifications in practices that will enlarge the outlets. The 
study includes current uses of these and competitive products, quali- 
ties desired by users, conditions of competition, and comparative costs 
of different practices. A part of the work of the project is being done 
under research contracts. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-382-1—Development of new and expanded market outlets 
for peanuts and their products. To study marketing practices and the 
competitive position of existing edible peanut products in an effort to 
expand their market outlets and develop outlets for new peanut prod- 
ucts and to make marketing trials for new peanut products with added 
flavors in new packages. 

RM : c-382-2—Development of new and expanded market outlets 
for edible animal fats and oils and their products (excluding butter). 
To evaluate present and potential market outlets for lard and other 
edible animal fats and their products and to develop recommendations 
to farmers, processors, and the trade for expanding outlets and devel- 
oping new products. 

RM: c-382-3—Development of new and expanded market outlets 
for inedible animal fats and oils and their products. To study exist- 
ing and potential markets for inedible animal fats and their products 
and derivatives and, by analysis of the findings, to develop recommen- 
dations to the industry on ways and means of expanding the market 
for these products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During World War II producers of fats and oils expanded produc- 
tion to increase the critically short supply. Soybeans produced for 
harvest increased approximately 250 percent, peanuts approximately 
100 percent, inedible animal fats and oils more than 100 percent, and 
edible animal fats about 50 percent. As a result of increased produc- 
tion and reduced demand, prices have dropped drastically since the 


war. 

The RMA advisory committees recommended in 1948 and 1949 that 
work be undertaken toward the development of new and expanded 
market outlets for fats and oils. In the first half of 1949 Congress 
singled out fats and oils for work along these lines, the Agricultural 
Appropriation Bill of 1950 specifying that “not less than $45,000 shall 
be available for work under title IT for the development of new and 
expanded market outlets for oilseeds, fats, and oils, and their prod- 
ucts * * *” Work was initiated on peanuts in late 1948 and on 
animal fats in the middle of 1949. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1949, $11,500; 
1950, $55,200. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A preliminary analysis has indicated that aggressive marketing 
activities by the peanut industries are greatly needed. An article 
entitled “Aggressive Merchandising Key to Increased Peanut Con- 
sumption” was published in Marketing Activities in March 1950. 
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Extensive effort has developed methods for officially conducting 
research in the special field of new outlets for fats and oils. Such 
practical techniques are vital if each subsidiary study or contract is 
to help toward wider use of fats and oils with satisfactory efficiency 
and improved returns to farmers. A contract has been let to a private 
industrial consultant to carry out a study of market outlets of domestic 
fats and oils, especially inedibles, so that new or broader outlets can 
be developed. Plans for a study of retail practices in fats and oils 
have been completed and a contract formulated, with the ultimate 
object of better merchandising of these products. Plans are made for 
a study of lard-processing practices in relation to quality, so that lard 
of more uniform and satisfactory quality may be offered to consumers, 
thus enlarging the market. Contract work is now in progress for a 
marketing test of acceptability to consumers of certain new peanut 
products that have been developed. 


F., SOME ADDITIONAL WORK NEEDED 


In accordance with the recommendations of the industry advisory 
committees, work on this project should be extended to include the 
development of new and expanded market outlets for (1) edible vege- 
table oils and their products and (2) drying oils and their products. 
The total domestic supply of fats and oils is likely to continue to 
increase due to decreased exports and expanding livestock and soybean 
production. Marketing research studies in this field will form the 
basis for recommendations to the oilseeds and fats and oils industries 
on ways and means of retaining and expanding market outlets for 
their products. 


MEASUREMENT OF Costs AND Maroins IN MARKETING FarRM 
Propucrs—(Orsreps) 


(BAE—RM: c-163.19—Federal—RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26: Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing oilseeds and to analyze 
factors affecting margins, and thereby to provide the basis for sug- 
gesting ways and means of bringing about more efficient and orderly 
marketing, and reducing the price spread between the producer and 
the consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c-163.19—Marketing channels, costs, and margins for oilseeds. 
Subprojects: (a) Marketing channels and margins for Illinois soy- 
beans—a study of the channels through which Illinois soybeans move 
from farmer to processor; the functions performed and the margins 
taken at several points in the marketing process; and (b) costs and 
margins in the marketing of cottonseed in Tennessee—a study of mar- 
keting costs and margins between the farmer and the processor for 
cottonseed in Tennessee. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and these lines of work 
are recommended by the oilseeds and peanuts advisory committee. 
These studies were started in 1948. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The cost of RMA projects on costs and margins in marketing oilseeds 
undertaken by the Bureau of Agricultural Economics during the fiscal 
years 1948-50 was $3,308, $11,310, and $7,000 respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Detailed information was obtained on channels through which soy- 
beans move from farmer to processor, and on functions performed and 
margins taken by intermediary handlers. Cost differences related to 
volume of processing were examined (crop years 1947 and 1948). 

Costs and margins of ginners, and certain costs of cottonseed proces- 
sors, were determined. Margins taken by processors were determined 
under three assumed selling practices (crop years 1946, 1947, and 1948). 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is needed in costs and margins for marketing 
oilseed products, from processor to consumer. Another area in which 
research is needed is in the selling practices employed by oilseed 
processors and the risks involved in such practices. 


ResearcH, SERVICE, AND EpucaTionaL AssIsTANCE FOR CoTTroN AND 
Otmtseeps CoOPERATIVES 


(FCA a-1-1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Research, service, and educational assistance in the development and 
operations of cotton and oilseeds cooperatives, as authorized by the 
Cooperative Marketing Act of 1926 (Public, No. 450—69th Cong.) 
is the purpose of this project. Currently the work is concerned largely 
with (1) studying operating methods and practices in order to assist 
in increasing operating efficiency; (2) analyzing costs and margins 
and methods of reducing costs; (3) exploring the possibilities of new 
methods of approaching cotton and cottonseed marketing problems, 
and (4) educational work with the cotton and oilseeds cooperatives, 


including the development of publications dealing with their prob- 
lems. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


a—1-1-1—-Study of the possibilities of integration of the marketing 
and processing activities in the cotton industry. To compile and 
analyze data on the engineering and economic possibilities of inte- 
grating cotton ginning, compressing, storing, cottonseed oil extrac- 
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tion, and cottonseed oil refining industries, including the marketing of 
cotton and cottonseed products, under individual or single coopera- 
tive operations as a means of improving the competitive position of 
cotton. (See sec. F.) 

a—1—1-2—Statement of operating expenses of cooperative soybean 
oil mills. From data furnished by individual mills to make quarterly 
summaries of operating expenses, volume of soybeans processed, the 
production of oil and meal, and a detailed breakdown of the operating 
expenses of each of the mills. Requested by the managers of the 
mills. The data will be used also in connection with the soybean 
portion of Project RM: c 110, p. 977. 

a—1—1-3—Collection of statistics on cooperative cotton marketin 
and cooperative cotton compresses. To study the operating methods 
and practices of these associations with a view to giving assistance 
in improving their operations. Any improvements in the efficiency 
of these associations will be of benefit to both member and nonmember 
farmers. 


B-2. CURRENT SERVICE PROJECTS 


Analysis and recommendations with respect to patrons’ equities in 
the net worth of Southwestern Irrigated Cotton Growers Associa- 
tion.—The above association markets cotton for its members on a co- 
operative basis and also owns a cottonseed oil mill. This study is to 
determine the current book value of fixed assets and the ownership 
of the net worth of the association, particularly as between cotton- 
seed shippers and cotton shippers. 

Operating problems of Delta Products Co.—To review and analyze 
the operations and economic condition of this cooperative cottonseed 


oil mill, including its affiliated activities of cottonseed oil refining and 
the manufacture of oleomargarine and shortening and to make rec- 
ommendations to its board of directors and the St. Louis Bank for 
Cooperatives. 


B-3. CURRENT EDUCATIONAL WORK 


Includes (a) an annual meeting with the managers and directors of 
20 cooperative soybean oil mills at the Northern Regional Research 
Laboratory at Peoria, Ill., on their operating problems; (4) an annual 
meeting with the managers and directors of 15 cooperative cotton- 
seed oil mills at the Southern Regional Research Laboratory at New 
Orleans, La., on their operating problems; (c) annual participation 
in the program of the Texas Cooperative Ginners Association; (d) 
annual assistance in the accounting school for cooperative gin book- 
keepers in Oklahoma; (e) participation in the annual cooperative 

in short course in Oklahoma; and (f) participation in other meet- 
ings dealing with the organization or operation of cotton and oil- 
seeds cooperatives called by cooperatives, extension workers, and 
others. 

C. HISTORY AND EVOLUTION OF THIS WORK 


The first formal Department project dealing with farmers’ coopera- 
tives was developed in the former Bureau of Plant Industry during 
the fiscal year 1911-12 and was entitled “Cooperative Handling and 
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Marketing of Cotton.” Ever since that time, except for the years 
1929-33, when this work was a part of the activities of the Fed- 
eral Farm Board, the Department has been providing farmer coopera- 
tives with assistance in organization, the development of accounting 
systems, and studies of methods of operation. 

The development of cooperative cotton gins has been of major 
importance to cotton farmers, and work under this project has in- 
cluded studies of organization set-up and costs of operation of these 
cooperatives. 

e processing of cottonseed by cooperatives began in 1922, when 
the first mill was organized, but did not expand rapidly until the late 
1930’s and early 1940’s. All of the cooperative soybean oil mills 
have been established since 1940. Since the late 1930’s much of the 
work has been with these cooperatives, which now total 35. 


D. FUNDS—-ANNUAL EXPENDITURES 


Since 1926, when the work on this project began, annual appropria- 
tions have ranged from $15,000 to $60,000. The 1949-50 expenditures 
were approximately $38,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Annual meetings with the operators of cooperative cottonseed and 
soybean oil mills—This is a recent development under this project 
that has generated into a very effective method of solving some of the 
operating problems faced by these cooperatives. For example, pre- 
pressing on screw presses of cottonseed meats before solvent extrac- 
tion to improve the extraction rate and the efficiency of operation has 


led to the installation of screw presses in two of the three solvent co- 
operative cottonseed oil mills. Loss of meal dust in solvent mills was 
discussed and a solution to the problem, based on the experience of a 
mill, was forthcoming. Another problem concerned clogging of the 
presses when nylon press cloth is used. One of the mills reported that 
they send their press cloth to the laundry monthly and had no trouble 
with clogging presses. Exchanges of experiences on methods of elimi- 
nating risks have been very helpful to many of the associations. Free 
and open discussion by the group of a particular problem faced by one 
or more members of the group will shen point a way to the solution 
of the problem. It is an effective teaching method. 

Assistance in organizing cooperatives—From the inception of the 
project, assistance has been given to groups who desire to form a co- 
operative. Such work may consist of determining the reasons for 
wishing to form the cooperative, the economic need for such an or- 
ganization, the development of organization plans, including sug- 
gested legal documents and assistance at meetings. Reports have been 
issued for the guidance of those interested in organizing cooperative 
cotton gins. The research on which these reports are based, to- 
gether with the direct service and educational activities, has con- 
tributed materially to the growth of these cooperatives during that 
period. In this connection, it should be noted that the number of 
cotton and oilseed cooperatives was estimated to be 213 in 1915, with 
{8,404 members and an annual business of $1,502,000. In 1935 there 
were 305 associations with 255,000 members and $100,000,000 in busi- 
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ness. The current estimate is 670 associations, with 355,000 members 
and a business volume of $500,000,000. 

Accounting assistance.—Most of the accounting work under this 
project has been with the cooperative cotton gins dR as a rule are not 
as able financially to hire competent bookkeepers and auditors as are 
the cotton marketing associations and oil mills. A great deal of work 
has been done with individual gins in setting up adequate accounting 
systems. In addition, aid has been given by helping to conduct 
schools for cooperative gin bookkeepers and there is now an annual 
school for this purpose in Oklahoma. 

Operating costs of cooperative cotton gins.—A number of studies 
of the income, expenses, and savings of cooperative cotton gins have 
been made. Not only are the cost items reported in detail but meth- 
ods for reducing such costs are suggested. This has meant more money 
for the farmers who gin at these cooperative plants since they charge 
the same rates as commercial gins, and any savings are passed back to 
the patrons either in cash or are used to build up member equities in 
their associations. It is estimated that at the end of the 1948-49 season 
the net worth of members in their cooperative gins amounted to more 
than $25,000,000, a large portion of which has been built up through 
savin os, 


F. SOME ADDITIONAL WORK NEEDED 


Further study of the possibilities of integrating marketing and 
processing activities in the cotton industry.—Now that the engineer- 
ing features of the proposed integration have been probed and deemed 
feasible, the next logical step is to explore the less tangible, but equally 
important, economic problems. This will involve research on such 
items as (a) procurement of seed cotton, since an adequate volume 
must be assured at a minimum cost to both the producer and the 
processor; (>) storage of cotton in the seed, including cleaning and 
drying before stor age; (c) grading cotton in the seed, including ‘class- 
ing standards for seed cotton, so that producers will be compensated 
for the grade and staple grown; (d@) protection against price changes 
from the time the seed cotton is placed in storage until the lint and 
seed products are sold; and (e) economies to be realized by integra- 
tion, such as elimination of transportation of cottonseed from “the 
gin to the oil mill, duplicate storage capacity by the gin and oil mill, 
and dual handling of the seed. An offsetting factor, of course, would 
be the increased cost of procuring the seed cotton. Under a coopera- 
tive set-up, any savings that could be realized from integration would 
be passed back to the. producer. If such savings were great enough, 
other processors would have to pay the farmer more in order to main- 
tain their source of raw material. 

Operating costs—Additional detailed information is needed on 
the costs of operation of the existing cooperative oi] mills and cotton 
marketing associations, including the development of some means 
for equitably allocating costs when more than one enterprise is op- 
erated by the same association. Attention also needs to o given to 
the possibilities of developing uniform systems of accounts “for the 
various types of cooperatives. 

Operations of cotton marketing cooperatives.—It has been a num- 
ber of years since the operations of the cotton cooperatives have been 
studied in detail. Many changes have taken place; several of them 
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now operate supply cooperatives, compresses, and oil mills in addi- 
tion to marketing the members’ cotton. Information on the current 
set-up and oper ations of these associations is needed. 

Study of the financial needs of cooperatives.—One of the most se- 
rious problems of cotton and oilseeds cooperatives is to get an ade- 
quate financial structure adapted to their needs. Kind and amount 
of stock which should be provided, allocation of savings, evidences 
of members’ equities, reserve, are all problems of vital. importance. 
Many of these cooperatives have been in existence for some time and 
were organized under conditions that were very different from those 
that exist today. As conditions change, the financial needs change but, 
in many instances, these cooperatives have not changed their financial 
structure. 


Errects or New OILseEEDs AND Fars AND O1rs Processtnc TECHNIQUES 
ON THE INpDustry, MArKeT OvTLeETS, AND Rerurns TO GROWERS 


(PMA-FCA-BAE-RM : c-110—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To aid in reducing the costs and in improving oilseed processing, 
by determining the feasibility of changes in processing methods, in- 
cluding the effects of such changes on the industry, market outlets, and 
returns to growers. The research includes a determination of the most 
economical type and size of processing plant. Since prices and total 

value of products and returns to farmers may be affected by changes in 
the volume of output, consideration must be given to supply and de- 
mand relationships for the oilseed and oilseed products. The current 
work is limited to studying cottonseed processing and a part of the 
work is being done under contract. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c—110-1—Effects of changes in processing methods, including 
solvent extraction, upon the cottonseed industry, market outlets, and 
returns to growers. To determine the extent to which it would be de- 
sirable to adopt new methods, and consequently the most feasible 
method for processing cottonseed for each area, mill location, and 

varying condition. The three available methods for processing cot- 
tonseed—the hydraulic, screw press, and solvent processes—are ‘being 
studied. Analyses of cottonseed supply areas, type and availability of 
crushing capacity in each area, together with storage capacity needed 
for both cottonseed and its products for mills operating under more 
nearly optimum conditions, are being made. The rate of cottonseed 
flow from specified areas to the mills, transportation distances, meth- 
ods, and costs also are being studied. Through the use of model mill 
specifications for different locations and varying conditions, equip- 
ment, maintenance and operating cost data on the different functional 
parts of the mill structure and organization are being determined, 
including installation cost for each type model mill. Area differen- 
tials and prices received by mills for cottonseed products are included. 
Through the use of actual operating records of private and coopera- 
tive oil mills, the reasonableness of model mill specifications is 
evaluated. 


78552—51—-vol. 1-63 
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C. HISTORY AND EVOLUTION OF THIS WORK 


This project developed from the belief on the part of segments of 
the cottonseed crushing industry that operating inefficiencies exist in 
the industry brought about by obsolescence of much machinery and 
equipment, and failure on the part of the industry to adopt new ideas 
and techniques as they were developed. Also, there is an overcapacity 
of processing plants in certain areas of the Cotton Belt due in part to 
shifts in cotton production in recent years. In an attempt to correct 
this situation there is uncertainty on the part of cottonseed growers, 
processors, and users of cottonseed products as to which of the three 
processing methods now available is most advantageous for the differ- 
ent locations in the various areas of the Cotton Belt. Development of 
guides to the most profitable type and size of processing plant for 
various locations and situations will aid the entire industry. Such 
information will also be valuable during a period of national defense 
mobilization in making judgments as to priorities regarding the con- 
servation of critical materials and labor. The results also will help to 
answer questions of operating efficiency in order to maximize outturns 
of oilseed products. 

The Bureau of Agricultural Economics is furnishing certain price 
data for cottonseed and cottonseed products, economic analysis of 
factors affecting prices of cottonseed products, effect of price on the 
production and consumption of cottonseed oil and meal, and factors 
affecting the percentage of the cottonseed crop crushed and the yield 
of oil and meal per ton of cottonseed crushed. The Farm Credit 
Administration is furnishing data, from cooperative cottonseed oil 
mills, on the comparative quality of cottonseed oil and meal produced 
by the three types of oil extraction, on the production of each of these 
products per ton of cottonseed crushed, and on operating practices 
and cost of operation. 

This project provided for a contract with a State engineering exper- 
iment station to furnish engineering blueprint specifications and oper- 
ating data for (1) 13 model hydraulic mills varying in size from 4 to 
40 presses, (2) 12 model screw-press mills with varying sizes from 1 to 
16 presses, (3) 6 solvent mills varying in 24-hour crushing capacity 
from 75 to 400 tons, and (4) 5 model combination screw-press-solvent 
type mills varying in 24-hour crushing capacity from 75 to 400 tons. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 


| 


PMA BAE 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


One achievement to date is the development of a model mill plant 
through which to demonstrate the possible increase in efficiency in 
processing cottonseed at specific locations under varying conditions. 
The factor essential to the construction of a model cottonseed oil mill 
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have been determined and definitely distinguished from the unessen- 
tial. From this the economic basis of the necessary oe blue- 
prints has been derived and a practicable work plan has been developed 
for a basic or master model. 

Specific conditions to which the basic model must apply in a given 
location have been calculated on a factual basis. In most mill locations 
this depends to a major extent on seed density and transportation dis- 
tances, conditions, and costs. To a minor extent it depends on varia- 
tions in marketing opportunities for cottonseed products. One of the 
most vital conditions is the decrease of one-third in cottonseed produc- 
tion in the United States from 1928-32 to 1943-47. While all oil mill 
capacity itself declined by 14 percent absolutely, it increased by 28 
percent relative to seed supply. This downward trend in cottonseed 
supply, coupled with geographic shifts in the production, indicates 
that adjustments in oil mill ‘apacity need to be made area by area to get 
maximum increase in efficiency in processing, improvement in markets, 
and increased returns to growers for each location. 

Several further factors have been found to be of major importance 
in setting up models that will represent the most efficient size and type 
of mills and the most economical distribution of the industry. One 
such factor is storage capacity. Minimum storage requirements are 
being determined for 40 different types and sizes of mills operating at 
different daily rates and lengths of operating season. These establish 
a standard by which a mill operator can judge his own optimum 
storage facilities. Another factor is the distance of transportation 
of seed. The average haul at present from gin to mill has been found 
to be several times the distance which would be required if the mill 
could get the seed closest to it. 

Another important factor has been found to be the relative revenue 
per ton of seed obtainable by different sizes and types of mills at a given 
location. The demonstration of this point is in process. It has been 
demonstrated also that change in type of mills, which seems likely to 
take place, will affect the amount of oil and the amount of meal 
obtained from the cottonseed crop to such an extent that these changes 
in supply can have significant eflects on the prices of these cottonseed 
products. The collection of engineering data has reached a point at 
which the economic effects of those several factors can be integrated 
to indicate the most economical size and type of mill in any location. 
Use of these blueprint designs of the model cottonseed oil mills would 
have tremendous effect in reducing cost of processing and marketing 
cottonseed and cottonseed products, by making possible the selection 
of the most economical size and type of mill equipment for each loca- 
tion in the different areas. 


F. SOME ADDITIONAL WORK NEEDED 


There is need for extending this project to other oilseeds, especially 
soybeans. Many soybean processors, particularly those with smaller 
units, have asked whether it is feasible or desirable for them to shift 
to the solvent method of extraction of soybeans. The relatively higher 
cost of installation and the longer operating season required have 
raised questions of what changes in processing should be made and the 
effects of such changes on returns to producers. The development of 
models to show the most economical size and type of mill and the prac- 
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ticable application of this plan to specific locations and conditions 
gives the best factual basis for answering these questions. 


IMPROVEMENT IN Marketine Faciriries, EquirpMeNt, AND MerHops 
FOR STORAGE OF OrsEEDS AND THEIR Propucts 


(PMA—RM: c-189—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the feasiblity and profitableness of farm storage of 
oilseeds, the advantages and disadvantages of farm storage in various 
quantities, modifications in marketing practices that would accompany 
changes in storage practices and the effect on farmers’ returns; to make 
comparisons between “on-farm” and “off-farm” storage by farmers. 
The study includes information on the availability and costs of credit 
and insurance, the probable tax costs, the economic effects of shrink- 
age and changes in qualities of oilseeds in storage, and the most 
desirable storage structures and handling facilities for various con- 
ditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c—189-1—Improvement in facilities, equipment, and methods 
for farm storage of soybeans. To study the feasibility of farm 
storage, costs, effect on farmers’ returns, and the advantages of storing 
varying quantities of soybeans on farms for varying periods of time. 

RM: c-189-2—Improvement in facilities, equipment, and methods 
for farm storage of peanuts. To analyze the efficiency, costs, and re- 
turns to producers from storing peanuts on farms and off farms, and 
from selling at harvest time without storing; to give the producer a 
better factual basis for his marketing decisions. This concerns both 
cost of storage space and the requirements in harvesting, curing, 
storage, ventilation, or drying that determine the physical feasibility 
of farm storage. The work is being done largely through research 
contract. 

RM: c-189-3—Improvement in facilities, equipment, and methods 
for storage of cottonseed at oil mills. To measure the feasibility of 
improving the storage of cottonseed at mills. A survey of facilities is 
being planned as a basis for further research and for use if needed in 
national mobilization or emergency planning. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Industry committees have urged that analyses be made of storage 
problems for the three crops mentioned and also for flaxseed. The 
soybean storage study, initiated in March 1948, has now covered the 
three principal money costs of farm storage (interest, insurance, and 
taxes), and most of the work has been done on the subject of deterio- 
ration or other change of quality of soybeans in storage. Both engi- 
neering plans and a field survey may be required on the cost of struc- 
tures and their operation. Research contracts have been and will be 
utilized on parts of the work. Storage work for oilseeds other than 
soybeans was recently authorized to be done under a contract for the 
study of peanut storage on farms and cottonseed storage at oil mills. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $4,400; 
1949, $27,000; 1950, $27,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The most significant single fact developed is that the cost of storing 
soybeans on farms is less than one- ‘half the usual seasonal rise in 
soybean prices from harvest to late spring. The average tax cost 
on farm-stored soybeans, for jurisdictions where taxes apply, appears 
to be about one-half as great as the average interest cost. (An average 
interest cost of around 7.5 cents per bushel is paid to banks or produc- 
tion credit associations.) Insurance cost on the average is perhaps one- 
eighth of the interest cost. A trustworthy estimate of these costs 
indicates the increased return that many farmers might gain by stor- 
ing their soybeans. From it a farmer may estimate his own advantage. 
Detailed figures are shown in a report on this study. The advantage of 
storing obviously will be greater for those producers in more favor- 
able position relative to any of these money costs. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to completion of the work on soybeans, peanuts, and 
cottonseed, a parallel study is needed for flaxseed storage, as recom- 
mended by the industry advisory committee. A very large percentage 
of flaxseed is marketed during the relatively short harvesting sea 
son, due in part to the fact that storage for flaxseed on farms is 
totally inadequate. Other factors tending to discourage farm storage 
are high interest, insurance rates, and excessive storage losses (the 
last particularly in the Southwest). Farmers need to know the ad- 
vantages and disadvantages of farm storage and the relative costs. 


REDUCTION OF MARKETING Costs AND MarGINs sy IMPROVING MARKET- 
ING MerHops AND PRAcTICES FOR OILSEEDS AND O1LseEeD Propucts 


(PMA-OES-RM: c—411—-Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the most economical and efficient operating prac- 
tices in the processing, marketing, and distribution of oilseeds, fats, 
and oils and their products from producer to consumer; (2) determine 
the changes in operating practices and costs that could be expected 
to accompany the adoption of more efficient methods; and (3) assist 
producers, processors, shippers, wholesalers, and retailers in selecting 
and adopting approved techniques and more efficient operating prac- 
tices. Current work is limited to studies of marketing, handling, and 
first processing of cottonseed, soybeans, and peanuts. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-411-1—Practices in processing and marketing cottonseed 
products as related to costs and margins. To determine what prac- 
tices will reduce costs of processing cottonseed with a view to in- 
creasing returns to producers and lowering prices of finished products 
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to consumers. Statistics made available by the National Cottonseed 
Products Association and the Bureau of the Census are the principal 
sources of data. 

RM: c-411-2—Analysis of marketing practices for tung nuts and 
their products in relation to marketing costs and margins. To de- 
termine what practices will reduce costs in the marketing and process- 
ing of tung nuts and their products, with a view to increasing re- 
turns to producers and lowering prices of finished products to 
consumers. 

RM: c-411-3—Factors affecting the quality of peanut seed. To 
(a) discover and determine the importance of factors that affect the 
quality of seed peanuts in marketing channels, and (6) devise ways 
of making such changes in processing, storage, and marketing methods 
as will improve and standardize, so far as economically possible, the 
quality and value of seed peanuts. This project is being conducted 
by the Alabama Agricultural Experiment Station on a matching- 
fund basis. 

RM: c-411-4—Efficient picking, transporting, receiving, handling, 
storing, and shelling of farmers’ stock peanuts. To study possible im- 
provements in picking, transporting, handling, cleaning, shelling, 
and other peanuts marketing processes in relation to cost and quality. 
Both economic data and engineering data (such as technical variations, 
costs, and accomplishments) are being developed and analyzed. Dur- 
ing the first year of operation this line project has been restricted 
to cleaning farmers’ stock peanuts. This project is being conducted 
by the Georgia Agricultural Experiment Station on a matching-fund 

asis. 

RM: c-411-5—Marketing and processing practices as related to 
costs and margins in marketing soybeans and soybean products. To 
determine the practices that will reduce costs in the marketing and 
processing of soybeans and their products and thus increase returns 
to producers and reduce prices to consumers. The work is in the 
exploratory stage, to be carried out partly by research contract. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Interest in the cost of moving, storing, processing, financing, and 
managing oilseeds and their products between the producer and the 
consumer has increased for many years as the processes have become 
more intricate and costly. Attempts to study and improve the situa- 
tion, however, have usually been restricted to (1) technical analysis of 
physical efficiency in a small sample, or (2) attempts to compute aver- 
age costs for a chain of marketing processes. Neither approach gives 
a clear, complete picture of the economic or marketing problems in- 
volved. Furthermore, industry has sensed the possibility of error in 
the conclusions that might be drawn from these partial studies and 
has become more skeptical of their value. 

This project was initiated to analyze variations in practices and costs 
that would clarify the economic problems involved and point to ways 
of reducing spreads between producers and consumers. This type of 
research received impetus in the passage of the Research and Marketing 
Act of 1946, followed by recommendations of the industry advisory 
committees. 





OILSEEDS AND PEANUTS, EXCLUDING COTTONSEED 983 


Analytical methods used involve treating an industry as a series of 
units so as to show more clearly the industry’s “necessary costs” and 
the conditions for reducing such costs. 

The work is being accomplished by economic analysis of the industry 
data, particularly the data showing the variations within each indus- 
try. Some of these data will relate mostly to organization, manage- 
ment, and markets; others to engineering and other technical subjects. 
A great deal of the work will be contracted. In the event of a national 
emergency, information on crushing capacity, equipment, and labor 
requirements made available by this study would be of increased 
national value. 


D. FUNDS—-ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Cost reductions found to be possible——Results of this study indi- 
cate ways to increase the efficiency and decrease the cost of the higher 
cost cottonseed-oil mills. It has been found that most high-cost mills 
have one cost, or several, very high relative to the industry average. 
Most low-cost mills have all costs well balanced at a low level. By 


concentrating effort on the few items that are out of control the man- 
ager of a high-cost mill can help to lessen the cost of marketing while 
improving the position of his mill. 

perating data for individual cottonseed-oil mills collected by the 
National Cottonseed Products Association were made available by 
that association for 1947-48 and analyzed without disclosing identity 
of individual mill figures. Published results show that differences 
in location, physical equipment, and practices lead to wide variations 
in operating costs. Conservative measurement shows, for example, 
that in both labor-cost and total variable operating-cost categories 
certain mills have costs more than twice those for some mills otherwise 
comparable. Mills in the Southeast use more labor per ton of cotton- 
seed crushed than do the mills elsewhere. However, conditions of cli- 
mate, seed quality, and storage, together with age of mills and ob- 
solescence, present special problems in that area. 

An improved netic has been developed for showing the variations 
in costs among units within the industry. This is a great advantage 
in displaying quantitatively and qualitatively the cost-profits-price 
relationships. 

Better ways developed to clean peanuts.—Peanut-cleaning equip- 
ment has been tested scientifically and a report issued on the tentative 
conclusions. Several techniques have been developed and tested which 
promise very significant increase in the effectiveness and lower cost for 
cleaning peanuts. Also, some methods tested have been demonstrated 
to be impracticable. Definite advance has been made in understanding 
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the necessary characteristics of peanut-cleaning equipment, pointing 
the way to practical improvements and economies wherever peanuts 
are cleaned. 


F. SOME ADDITIONAL WORK NEEDED 


Analysis of practices in relation to costs and margins should be 
extended to the processing of flaxseed and of peanuts. Marketing 
problems of flaxseed products have arisen as a result of increased pro- 
duction and recent changes in processing methods and marketing chan- 
nels. With peanuts, likewise, problems have resulted from changing 
processing methods and marketing channels. Producers, processors, 
and distributors have asked for assistance in evaluating various pro- 
cesses, channels, products, and uses as to adaptability to their partic- 
ular operations, in order to increase the efficiency and decrease market- 
ing costs. 

Consideration should be given to broadening the project to include 
animal fats, especially the rendering process. In animal fats market- 
ing, problems have resulted from expanded production, synthetic com- 
petitors, and changes in practices and channels. Rendering, second- 
ary processing, and distribution are major factors in cost. Practices 
should be analyzed to aid the industry in reducing costs. 

As soon as the studies of first processing can be completed, the work 
of the project should be extended to a parallel analysis of the secondary 
phases of processing and marketing of oilseed and fats and oils prod- 
ucts, such as the manufacture and distribution of vegetable shortening, 
margarine, and peanut butter. It is widely believed that such analysis 
can lead to improvements in these later steps of the marketing process 
that will yield extensive savings, with improvement in farmers’ re- 


turns, wider use of products at reasonable prices, and improved quality. 


RevIsIne GRADE STANDARDS AND IMpROVING METHODS OF DeTERMINING 
Quauity or Farmers’ Stock Peanuts, CLEANED PEANUTS, AND 
SHELLED Peanuts 


(PMA-RM: c-192—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To assist peanut growers and handlers in expediting the marketing 
of farmers’ stock peanuts through a more accurate determination of the 
value of individual lots, by developing improved methods of sampling 
and grading, and by studying the adaptability of several types of 
electric devices for quickly measuring the moisture content of pea- 
nuts. Information derived from the work may be used as a basis for 
the revision of grade standards and instruction procedures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-192-1—Improving methods for determining the quality of 
peanuts. To conduct studies of methods and equipment used in 
sampling and grading farmers’ stock peanuts (@) to determine the 
design of a sampling tube or horn which will obtain the most nearly 
representative sample from a load, (b) to determine locations in the 
load where samples should be drawn to obtain the most representative 
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sample, and (c) to devise better methods and equipment for cutting 
down and cleaning the inspection sample. 

RM: c-192-2—Improving methods of determining peanut moisture 
content. To conduct studies of peanut moisture content determina- 
tion from the point of view of (a) developing a procedure for checking 
the accuracy of individual electric moisture meters and making neces- 
sary adjustments, (b) testing any promising new moisture-measuring 
equipment or procedures, and (c) establishing information on varia- 
tion in peanut moisture content between crop years. 


C. HISTORY AND EVOLUTION OF THIS WORK 


United States standards for peanuts date back to 1921 when tenta- 
tive United States standards for shelled white Spanish peanuts were 
issued. Official United States standards for this type were released 
in 1924, and between this date and 1932 United States standards for 
six other types were issued. Many of these were revised from time 
to time prior to the beginning of World War II, but during the war 
years little attention was given to the revision of the standards. 

This research project was started in fiscal year 1948 as a result of 
dissatisfaction on the part of peanut producers, shellers, and users 
with certain requirements of the various United States standards for 
peanuts. Some of these complaints apparently were caused by one. 
ing ideas and practices of the trade and some from changing trends 
in production and seasonal difficulties during the war period. At this 
time Government price support of farmers’ stock peanuts was on the 
basis of sound mature kernel content of the peanuts, which was differ- 
ent from the requirements of United States standards. Some pro- 
ducers, therefore, requested that the requirements of the United States 
standards for farmers’ stock be changed so as to more nearly reflect 
the value for shelling and crushing. Also many shellers requested 
changes in screen size requirements in the standards for shelled pea- 
nuts in order to improve the quality of peanuts moving to the end 
users. Asa result of all of these conditions the project was originally 
set up to conduct a thorough study of the methods of handling peanuts 
in order to determine what changes should be made in the United 
States standards for farmers’ stock peanuts, shelled peanuts, and 
cleaned unshelled peanuts, and to determine what improvements could 
be made in the methods of sampling and inspecting peanuts. Em- 
phasis is being placed on the study of quality and size factors with the 
objective that more satisfactory peanuts would be offered to the users 
of peanuts who in turn would supply a product which would be more 
acceptable to consumers. 


D. FUNDS ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $9,000; 
1949, $14.200; and 1950, $9,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Standards improved as result of study.—Field investigations dur- 
mg the first year of the project indicated that the United States stand- 
ards for Virginia-type peanuts in the shell should be revised as rapidly 





986 AGRICULTURAL RESEARCH AND RELATED SERVICES 


as possible. A staff technician completed his investigations by the 
following summer, and revised standards were issued in September 
1948. e field investigations at this time also revealed that peanut 
shellers and end users had experienced considerable trouble with pea- 
nuts having high moisture content from time to time, and various 
members urged that a device be adopted for quick determination of 
moisture content. Some also recommended that moisture require- 
ments be incorporated in the United States standards. As a result 
the Department immediately took the necessary steps to make a thor- 
ough study of the moisture content of peanuts of different types from 
all commercial producing areas. Arrangements were made with in- 
spectors in the field to send samples to the Washington office. Three 
different makes of electric moisture meters which appeared adaptable 
to determination of moisture of peanuts were secured and instalied in 
the Washington laboratory along with a drying oven. During the 
fall, winter, and spring months of the 1948-49 and 1949-50 seasons a 
large number of moisture readings were made on the three different 
electrical meters and compared with the moisture content determined 
by the oven-drying method. The readings were recorded on samples 
showing a wide range of moisture content and from all major produc- 
ing areas. Sufficient data were collected to permit setting = calibra- 
tions for the three instruments and for the three commercial types of 
peanuts. Based on results of the work, calibration charts for one 
type of moisture meter have been prepared by the manufacturer and 
distributed to all field offices equipped with thins instruments. This 
instrument was extensively used for determining moisture content of 
farmers’ stock peanuts under the 1949 marketing program. 

Device developed to improve sampling.—Other results include the 
designing and development of a sheet metal mixer and divider for 
mixing and dividing samples for inspection purposes. It mixes the 
sample better than can be done by hand or by any other mixer devel- 
oped, provides for a uniform mixing procedure, and saves time. This 
device was adopted as official in peanut inspection, and duplicates were 
ee ent and distributed to principal Federal peanut-inspection 
omces. 

The possibility of illustrating damage to peanuts by discoloration 
by means of color photography has been explored and gives promise of 
furnishing a nuthin’ for the preparation of visual-aid material, to 
promote uniformity in the interpretation of this grade factor by 
inspectors. 

Accuracy of inspection work measured.—Tests at a peanut-shelling 
plant were undertaken to determine relationship between grades ob- 
tained by sample inspection and the actual quality of farmers’ stock 
peanuts in loads delivered to the plant. Results of this work show 
that on the average the percentage of foreign material determined 
from samples was within less than 1 percent of the actual percentage 
found in loads. Preliminary experiments with several different types 
of sampling tubes confirmed the contention that the design of samp- 
ling tubes has a definite effect on the representativeness of samples 
drawn from bulk loads of farmers’ stock peanuts. 
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F. SOME ADDITIONAL WORK NEEDED 


Improvement in United States standards—Additional studies and 
field investigations should be made to ascertain if improvements 
should be made in the United States standards. 

Studies of representativeness of samples——Further data should be 
collected for comparison of representativeness of samples obtained 
from farmers’ stock loads with various designs of sampling tubes with 
a view to recommending use of the most desirable type, thereby pro- 
viding more accurate samples for grading. More data should be 
accumulated with reference to the location and number of places in 
various types of loads of farmers’ stock peanuts from which samples 
should be drawn in order to obtain the most representative sample. 
Additional studies of equipment for dividing and cleaning samples 
of farmers’ stock should be carried on with a view to developing pro- 
cedures and equipment which will give the most accurate inspection 
results. 

Additional moisture content studies of peanuts.—These should be 
made to secure more information on variation between crop years. 
Continued close checks on the accuracy and any changes or modifica- 
tions in moisture testing instruments should be made. 


DEVELOPMENT OF ImPrROveD MetHops ror GRADING OILSEEDS AND On- 
SEED Propucts, AND ANALYSIS OF THE RELATION OF OILSEED GRADES 
TO QUANTITY AND QUALITY oF OILSEED Propucts 


(PMA-RM : c-233—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To facilitate marketing of oilseeds and provide a better basis for 

ayments to growers in accordance with the quality of their crops. 

he work is designed to develop simplified methods for determining 
the quantity and quality of oil and other products in oilseeds, for use 
on small lots as sold by farmers; to improve existing standards and 
methods for grading oilseeds and oilseed products; and to relate 
standards for the grading of oilseeds to the quantities, grades, and 
values of products obtained from the seed. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c-233-1—Analysis of factors affecting quantity and quality of 
oilseed products and their relationship to oilseed grades. To analyze 
factors that may correlate with outturn values of an oilseed and thus 
help construct a practicable index of its value. Soybeans are being 
studied first. 

RM: c-233-2—Developing a method to measure quickly the oil con- 
tent of cottonseed. To develop equipment and methods for a rapid 
determination of the oil content of cottonseed and to integrate these 
with other methods and equipment to be used in a practical, economi- 
cal, rapid system of grading small lots of cottonseed as sold by farm- 
ers. Part of this line project is being conducted under contract. 

RM: c-233-3—Development of methods and apparatus for quick 
determination of oil quantity and quality in soybeans and flaxseed. 
To develop methods and apparatus that can be used to determine 
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quickly and accurately the quantity and quality of oil in soybeans and 
flaxseed and that will be suitable for use in the routine inspection of 
these commodities. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Since this work was initiated in April 1948, attention has been 
focused upon: (1) The relationship between soybean grade and oil 
content and the geographical variation in oil content. preliminary 
report is being published and further information is being collected 
to strengthen present findings. (2) The development of an electronic 
or chemical-electronic method of quickly and simply determining the 
oil content of cottonseed. Instruments have been developed for di- 
electric and conductivity measurements for oil content, and more than 
100 possible oil solvents have been investigated in connection with the 
methods. (3) Work was initiated during the fiscal year 1948 to 
develop simple and rapid methods for determining the quantity and 
quality of oil in oilseeds, so that oil content and oil quality require- 
ments may be incorporated in the United States standards for soy- 
beans and flaxseed. The present standards do not provide limitations 
for oil quantity and quality, both of which are important measures 
of the value of oilseeds. Present official methods for determining oil 
content and oil quality in oilseeds are time-consuming and require the 
use of expensive equipment. (For information on work of a related 
or similar nature prior to 1948, see reports on grades and standards 
under regular funds in the Cotton Section for cottonseed and in the 
Grain Section for soybeans. ) 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1948, $10,900; 
1949, $42,500; 1950, $52,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Oil content found to be major factor in index of soybean value.— 
Analysis has indicated that the element that will have greatest effect: 
on a good index of soybean outturn value is oil content. Acid value, 
iodine number, and protein content will have lesser effects. From a 
comprehensive study of Commodity Credit Corporation data and “uni- 
form soybean test” data it has been found, contrary to common belief, 
that oil content of soybeans tends to increase from north to south. 
Protein content and drying capacity of the oil, however, both decrease 
from north to south. These are important facts relative to competing 
crops by area and the most economical location for soybean production. 
Variations in oil content, protein content, and drying capacity are 
found to be due primarily to variations in temperature. Difteretices 
in rainfall, length of day, and altitude show hittle or no significant 
effect in oil content. In relating soybean outturn values to grade 
factors it has been found that undamaged “splits” (broken soybeans) 
contain more oil than whole soybeans and that their oil quality is not 
significantly different. Protein content shows only a moderate rela- 
tionship to grade factors. 
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Progress toward quick method of measuring oil content of cotton- 
seed.—W ork on a quick method of oil determination in cottonseed has 
borne out the complexity of the problem. Due to the short time that 
the project has been in operation, no practical solution has been at- 
tained to date. A considerable number of methods have been 
thoroughly explored and all but two have been discarded as impracti- 

‘al for use under conditions such as prevail at cotton gins. These two 
which show promise at present are being further evaluated by inten- 
sive testing. 

Causes of variations in analyses determined.—Studies have been 
completed which show that defects in equipment used sometimes cause 
variation in iodine number values of soybean and flaxseed oils when 
they are determined by official methods and that burettes and pi- 
pettes calibrated with a high degree of accuracy are necessary for 
accurate results. Variations in the determination of oil content are 
probably due to the moisture content of the sample and humidity of 
the air while the sample is being ground and extracted. 

Simple refractometer developed to indicate oil quality.—A rela- 
tively simple and inexpensive hand refractometer for use in deter- 
mining the iodine number of freshly prepared soybean and flaxseed 
oils was developed and is now commercially available from an optical 
instrument manufacturer. Previously an expensive precision refrac- 
tometer had been used in developing a refractometric method for 
determining iodine numbers in flaxseed and soybean oils. With the 
hand refractometer and a small laboratory press the iodine number of 
the oil from a sample of soybeans or flaxseed can be determined in 
about 3 minutes, starting with the original seed, whereas approxi- 
mately 1 hour is "required for this test by the chemical method. The 

cost of this hand refractometer is approxims ately $225, and the equip- 
ment for the chemical method approximately $300; whereas the pre- 
cision refractometer generally used costs approximately $1,400 plus 
the cost of a constant temperature bath which is usually used with this 
instrument ranging from $300 to $500. 


F. SOME ADDITIONAL WORK NEEDED 


Work on peanuts and flaxseed similar to the work on soybeans is 
needed, to determine the relations between grade factors and quantity 
and quality of the products. This has been recommended by industry 
advisory committees. One phase of work that needs attention is the 
development of a rapid, simple method for determining the oil content 
of soybeans and flaxseed. This should include the development of (a) 
a good grinder-extractor that will finely divide soybeans and flaxseed, 
and simultaneously extract the oil, and (6) an electronic or other 
instrument or method that will determine the oil content of the 
solvent-oil mixture. A method could then be developed for deter- 
mining oil content of oilseeds in about 15 minutes, starting with the 
original oilseed, whereas the refractometric method requires about 
30 minutes for each test and the extraction method about 6 hours. It 
may be possible to develop an oil-content method by determining 
through specific gravity measurements the quantity of oil in an oil- 
solvent mixture. This latter method would require less expensive 
equipment than an electronic tester. 
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Cross REFERENCES—MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—RM: c-—432, Chapter 32, Supplies as affected by yields. 

BAK—A-2-1—Chapter 38, monograph on production and price-supporting pro- 
grams for fats and oils. 

BAE, Reports on crop and livestock estimates, including oilseeds and peanuts, 
Chapter 32. 

BAB, PMA, OES—RM: c-29—Chapter 32, market supplies, movements, and 
prices. 

BPISAE—b-8~4, Chapter 13, market disease of fruits and vegetables, including 
peanuts. 

BPISAE, PMA, FCA, BAE—RM: b-228, Chapter 10, regional marketing of cotton 
and cottonseed. 

BPISAE—RM: c-514, Chapter 20, cold storage of peanuts. 

CEA, Chapter 35, Commodity Exchange Act. 

OFAR, Chapter 23 (especially RM: c-2 and RM: c-544), foreign activities. 

PMA—RM: c-480, c-432, Chapter 36, marketing service programs. 

PMA—Freight rates for farm products, chapter 19. 

PMA—Market news service for flaxseed and soybeans, chapter 33. 

PMA—Grades and standards for flaxseed and soybeans, chapter 35. 

PMA—Market inspection of flaxseed, soybeans, and other oilseeds, chapter 84. 

PMA—<Administration of United States Warehouse Act, chapter 35. 
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